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ABSTRACT
The b a ck g ro u n d  d e v e lo p m e n t and  w o rk in g  v e r s io n  o f  a  f i n i t e  e le m e n t 
p ro g ram  f o r  s t r e s s  and  d is p la c e m e n t  a n a l y s i s  o f  em bankm ents o v e r  s o f t  
s a t u r a t e d  s o i l s  i s  p r e s e n t e d .  The p rog ram  h a s  c a p a b i l i t i e s  f o r  
in c re m e n ta l  l o a d in g ,  l a r g e  d is p la c e m e n ts ,  e q u i l ib r iu m  c o r r e c t i o n ,  
an d  tim e  d e p e n d e n t s t r a i n s  d ue  to  c o n s o l i d a t i o n  and  c r e e p .  I t  can  a l s o  
b e  u se d  a s  an  a i d  i n  d e te rm in in g  th e  n e e d e d  m a t e r i a l  p r o p e r t i e s  and i s  
d e s ig n e d  to  m in im ize  u s e r  i n p u t .
Exanq>les o f  th e  p ro g ram  o u tp u t  a r e  p r e s e n te d  a s  co m p u te r  p lo t s  o f  
em bankment and  u n d e r ly in g  s o i l  c o n f ig u r a t io n s  and s t r e s s e s .




The c o a s t a l  a r e a s  o f  S o u th  L o u is ia n a  a r e  g e n e r a l l y  com posed o f  
s o f t ,  s a t u r a t e d  s o i l s .  D esig n  and c o n s t r u c t io n  o f  em bankm ents o v e r  
t h i s  ty p e  s o i l  i s  a  fo rm id a b le  t a s k .  Embankments defo rm  s e v e r e l y  and 
som etim es s e t t l e m e n t  c o n t in u e s  f o r  y e a r s .  I n  some c a s e s ,  em bankm ents 
c o n s t r u c te d  i n  S o u th  L o u is ia n a  h a v e ,  o v e r  a  p e r io d  o f  y e a r s ,  
e s s e n t i a l l y  d is a p p e a r e d .  T hus, th e  n e e d  i s  p r e c i p i t a t e d  f o r  a  m ethod 
o f  a n a ly s i s  o f  em bankments c o n s t r u c t e d  o v e r  s o f t ,  s a t u r a t e d  s o i l s .
The p u rp o se  o f  t h i s  w ork was to  d e v e lo p  a  f i n i t e  e le m e n t p ro g ram  w hich  
w i l l  a id  i n  e s t i m a t in g  s e t t l e m e n t s  and  s t r e s s e s  i n  th e s e  em bankm ents 
and  u n d e r ly in g  s o i l s .
The p ro g ra m  was d e v e lo p e d  u s in g  two f i n i t e  e le m e n t p rog ram s
11 12w r i t t e n  by  E. L . W ilson  and R. N ic k e l l  9 f o r  s t r e s s  a n a l y s i s  and 
t r a n s i e n t  h e a t  f lo w  p ro b le m s , r e s p e c t i v e l y .  T hese two p rog ram s a r e  
c o u p le d  and  m o d if ie d  to  in c lu d e  th e  e f f e c t s  due to  l a r g e  d is p la c e m e n ts ,  
In c re m e n te d  lo a d in g ,  e q u i l ib r iu m  c o r r e c t i o n ,  f l u i d  f lo w , c r e e p ,  and  
d a t a  a n a l y s i s  an d  e v a l u a t i o n .
The p ro g ra m  c a n  be  u se d  to  com pute p la n e  s t r a i n  s e t t l e m e n t s  and 
s t r e s s e s  due to  em bankment lo a d s ,  two d im e n s io n a l  c o n s o l i d a t i o n  and 
c r e e p ,  and  a l lo w s  r e p e a te d  u p d a t in g  o f  m a t e r i a l  p r o p e r t i e s .  I t  i s  
a l s o  d e s ig n e d  to  m in im ize  u s e r  i n p u t .
S o i l  p r o p e r t i e s  t h a t  a r e  n eed e d  f o r  m o d e lin g  o f  th e  em bankm ents
and u n d e r ly in g  s o i l s  may a l s o  be d e te rm in e d  w ith  th e  a id  o f  th e  p rog ram . 
The d a t a  u s e d  in  d e te r m in in g  th e  s o i l  p r o p e r t i e s  was o b ta in e d  from  
e x p e r im e n ta l  work p e r fo rm e d  a t  L o u is ia n a  S t a t e  U n iv e r s i t y  and 
sp o n so re d  b y  th e  L o u i s i a n a  Highway D e p a rtm en t.
The c a p a b i l i t i e s  an d  l i m i t a t i o n s  o f  th e  p ro g ram  a r e  d e s c r ib e d  
a lo n g  w i th  i t s  in p u t  r e q u ire m e n ts  and  sam p le  o u tp u t .  In c lu d e d  in  
a p p e n d !c ie s  a r e  i t s  i n p u t  fo rm at and  l i s t i n g  p lu s  th e  l i s t i n g  o f  two 
a u x i l i a r y  d a t a  a n a l y s i s  p ro g ram s.
CHAPTER II
THEORETICAL CONSIDERATIONS 
C o n s t i t u t i v e  R e la t i o n s
g
In  c l a s s i c a l  s o i l  m e c h a n ic s ,  a s  d e v e lo p e d  by  K a r l  T e rz a g h i ,  th e  
c o n c e p t o f  e f f e c t i v e  s t r e s s ,  t h a t  i s ,  th e  d i f f e r e n c e  be tw een  th e  t o t a l  
s t r e s s  an d  th e  p r e s s u r e  o f  th e  f l u i d  i n  th e  p o r e s ,  i s  in t r o d u c e d .  I t  
i s  h y p o th e s iz e d  t h a t  i t  i s  t h i s  e f f e c t i v e  s t r e s s  t h a t  c a u s e s  th e  
d e fo rm a tio n  o f  th e  s o i l  s k e l e t o n .  As th e  p o re  p r e s s u r e  d i s s i p a t e s  due to  
f l u i d  f lo w , th e  r e s u l t i n g  tim e  d e p e n d e n t e f f e c t i v e  s t r e s s  c a u s e s  a  
t im e  d e p e n d e n t d e fo rm a tio n  ( c o n s o l i d a t i o n ) .
7
A n o th e r  th e o r y ,  p ro p o se d  by  Z a r e ts k y  and  o u t l i n e d  by S u k l j e ,  i s
t h a t  th e  s o i l  d e fo rm a tio n  c a n  b e  o b ta in e d  by th e  s u p e r p o s i t i o n  
o f  two e f f e c t s  o n to  th e  s o i l  s k e le t o n ;  th e  e f f e c t  o f  th e  
t o t a l  s t r e s s ,  and  th e  v o lu m e t r i c  e f f e c t  o f  th e  p o re  p r e s s u r e .  T h a t i s ,  
t h e  vo lum e d e fo rm a tio n  du e  to  f l u i d  f lo w  i s  to  b e  added  to  th e  
d e v i a t o r i c  d e fo rm a tio n  o f  t h e  s o i l  s k e le t o n  due to  th e  t o t a l  s t r e s s .
I t  i s  assum ed i n  b o th  t h e o r i e s  t h a t  th e  s o i l  s k e l e t o n  i s  in c o m p r e s s ib le .
I t  1b th e  l a t t e r  th e o ry  u s in g  t o t a l  s t r e s s  w h ich  i s  a d o p te d  in  t h i s  
s tu d y  b e c a u s e  i t s  a p p l i c a t i o n  to  n u m e r ic a l  c a l c u l a t i o n  i s  s im p le r .  B ut 
th e  a s su m p tio n  o f  s o i l  s k e l e t o n  in c o m p r e s s i b i l i t y  i s  n o t  made b e c a u se  
th e  h ig h  o r g a n ic  c o n te n t  o f  t h e  p a r t i c u l a r  s o i l s  u n d e r  c o n s id e r a t i o n  
r e n d e r  them  c o m p re s s ib le .  A ls o ,  t h e  o b s e r v a t io n  t h a t  th e s e  s o i l s  
c o n t in u e  to  d e fo rm  a f t e r  c l a s s i c a l  c o n s o l i d a t i o n  h a s  c e a s e d ,  m o t iv a te d
t h e  i n c l u s i o n  o f  a  m eans f o r  a c c o u n t in g  f o r  c r e e p  e f f e c t s *
The c o n s t i t u t i v e  r e l a t i o n s  a r e  d e v e lo p e d  a s  f o l lo w s * *  The lo a d  
i s  c o n s id e r e d  t o  b e  a p p l i e d  i n  s m a l l  i n c r e m e n t s .  I n  an y  o n e  in c r e m e n t
o f  t im e  (A t = tg -  t ^ ) ,  t h e  t o t a l  in c r e m e n t  o f  s t r a i n  A{e}» c a n  b e
s e p a r a t e d  i n t o  i t s  im m e d ia te ,  f lo w ,  an d  c r e e p  c o m p o n e n ts , i . e . ,
M d  = A{«r±} + A { t f | + A {«rc l*  ■ ( 2 . 1 )
I f  t h e  in c r e m e n ts  o f  t h e  f lo w  an d  c r e e p  s t r a i n s  a r e  know n, th e n  
th e y  c a n  b e  t r e a t e d  a s  a  g e n e r a l  in c r e m e n t  o f  i n i t i a l  s t r a i n  A {c0 } a s  
w i l l  b e  d i s c u s s e d  i n  C h a p te r  I I I .  T h u s ,
A{€> -  A K ± } +  A{e0 } "  [ c H a }  +  A{e0 } ( 2 . 2 )
w h e re  [C] i s  t h e  s t r a i n - s t r e s s  m a t r i x  f o r  t h e  t im e  in c r e m e n t .  The 
in c r e m e n t  o f  s t r e s s  A {a} c a n  now b e  fo u n d  i n  t h e  s t a n d a r d  w ay a s  a n  
o r d i n a r y  e l a s t i c i t y  p ro b le m .
I f  t h e  s t a t e  o f  s t r e s s  a n d  s t r a i n  a t  t h e  s t a r t  o f  t h e  t im e  
in c r e m e n t  i s  know n, t h e  s t a t e  a t  t h e  en d  o f  t h e  in c r e m e n t  c a n  b e  fo u n d  
b y  a n  a d d i t i o n  o f  t h e  i n c r e m e n t a l  c h a n g e s .
The in c r e m e n t  i n  f lo w  s t r a i n s  A{Cf} *s co m p u ted  b y  sum m ing th e  
s u b - in c r e m e n ts  o f  f lo w  s t r a i n  6 {Cf I o v e r  t h e  t im e  i n t e r v a l .
= ^ 6 { ef } ( 2 .3 )
The s u b - in c r e m e n t s  o f  f lo w  s t r a i n s  a r e  co m p u ted  u s i n g  t h e  co m p u ted  
e x c e s s  h y d r o s t a t i c  p r e s s u r e  f o r  e a c h  s u b - in c r e m e n t .
The in c r e m e n t  i s  c r e e p  s t r a i n s  A {ec | i s  co m p u ted  fro m  th e  a ssu m ed  
s t r a i n - s t r e s s - t i m e  r e l a t i o n .  T h is  r e l a t i o n  i s  d e r iv e d  f ro m  th e  
a s s u m p tio n  t h a t  t h e  r a t e  o f  s t r a i n  i s  a  f u n c t i o n  o f  t h e  t o t a l  t im e  
f ro m  t h e  i n s t a n t  w hen t h e  lo a d s  w e re  a p p l i e d  an d  th e  maximum s h e a r
* T h is  m a t e r i a l  i s  b a s e d  o n  R e f e r e n c e  9 .
5s t r e s s  Tm = Cja “  ct3 ) / 2 .  T h u s ,
dtf^c } ' At = Y (*0 cp (ax " a3 )[C ] |a}  (2 .4)
w h e re  t h e  m a t r i x  [C] i s  t h e  p la n e  s t r a i n ,  s t r a i n - s t r e s s  m a t r i x  w i th  
E = 1 .0  and  sj “  . 5 .  The in c r e m e n t  o f  c r e e p  s t r a i n s  i s  g iv e n  b y ,
A {ec | “  ¥  ( t )  rp Crii “  a a ) A t [ C j j a i  ( 2 .5 )
Q
H ie  f u n c t i o n  ¥  ( t )  i s  a ssu m ed  to  b e  o f  t h e  fo rm  H t and  cp (ctj -  cra ) to
A
b e  o f  t h e  fo rm  Ojj -  ct3 ) • T h u s ,
A {C<=} = Hfoa -  a a ) AtB A t [C ]{ t j [ -  ( 2 .6 )
F o r  t h e  in c r e m e n t  o f  t im e  Afc» t *ie  in c r e m e n t  o f  c r e e p  s t r a i n  A {ec J
i s  co m p u ted  u s i n g  t h e  v a l u e s  o f  s t r e s s  a t  t h e  b e g in n in g  o f  t h e  t im e  
in c r e m e n t .
F l u i d  F low  T hro u g h  P o ro u s  M ed ia
The c o n s o l i d a t i o n  t h e o r y  o f  s a t u r a t e d  s o i l s  i s  b a s e d  o n  D a r c y 's  
la w  e x p r e s s i n g  th e  l i n e a r  r e l a t i o n s h i p  b e tw e e n  t h e  h y d r a u l i c  g r a d i e n t  
i  a n d  t h e  s e e p a g e  v e l o c i t y  v :
v  = k i  ( 2 .7 )
The c o n s t a n t  o f  p r o p o r t i o n a l i t y  k  i s  c a l l e d  t h e  c o e f f i c i e n t  o f  
p e r m e a b i l i t y .  The h y d r a u l i c  g r a d i e n t  i  g o v e r n in g  t h e  c o n s o l i d a t i o n  
p r o c e s s  e q u a l s :
i  = -  ”  Vu ( 2 .8 )
Tw
w h e re  u  i s  t h e  e x c e s s  p o r e  p r e s s u r e  a n d  y w i s  t h e  s p e c i f i c  w e ig h t  o f  
t h e  f l u i d  i n  t h e  p o r e s .
An i n c r e a s e  i n  t h e  e f f e c t i v e  p r e s s u r e ,  i . e . ,  t h e  d i f f e r e n c e  
b e tw e e n  t h e  t o t a l  h y d r o s t a t i c  s t r e s s  i n  t h e  s o i l - f l u i d  m ix tu r e  an d  th e
e x c e s s  p r e s s u r e  i n  t h e  f l u i d ,  u ,  fro m  a n  i n i t i a l  v a l u e  pQ t o  a  f i n a l
v a lu e  p» r e d u c e s  th e  vo lum e o f  th e  v o id s  p e r  u n i t  vo lum e o f  s o i l  from  
an  i n i t i a l  v a lu e  nQ to  a  f i n a l  v a lu e  o f  n ;  th e  r a t i o  
n D -  n
m = -----------  ( 2 .9 )
v  P -  P0
i s  assum ed to  b e  c o n s t a n t .  I t  i s  c a l l e d  th e  c o e f f i c i e n t  o f  volum e 
c h a n g e .
A ssum ing th e  t o t a l  h y d r o s t a t i c  s t r e s s  i n  th e  s o i l  f l u i d  m ix tu re  
to  be  c o n s t a n t ,  th e  d e c r e a s e  o f  th e  e x c e s s  p o re  p r e s s u r e  p e r  u n i t  o f  
tim e  i s  e q u a l  to
« . i o ,
The in c r e a s e  o f  e f f e c t i v e  p r e s s u r e  b y  9 p / 9 t  p e r  u n i t  o f  tim e  
in v o lv e s  a  c o r r e s p o n d in g  d e c re a s e  i n  th e  volum e o f  v o id s  o f  th e  s o i l .  
The r e l a t i o n  b e tw een  p and  n  i s  d e te rm in e d  b y  E q u a tio n  ( 2 .9 )  from  
w h ich  i s  o b ta in e d ,
I t  = -  - ^ 1?  * (2 . 1 1 )9 1 my 9  t
C om bining E q u a t io n s  (2 .1 0 )  and  ( 2 .1 1 )  r e s u l t s  in
I f - - v | f  (2- l2>
The d i f f e r e n c e ,
—  dxdydx +  —  dydxdz +  ~  d zd x d y ,
9 X 9 y  o z
b e tw een  th e  q u a n t i t i e s  o f  f l u i d  p e r  u n i t  t im e  w h ich  le a v e s  a  d i f f e r e n ­
t i a l  volum e dxdydz and  t h a t  w h ich  e n t e r s  i t  p e r  u n i t  t im e  m ust b e
e q u a l  to  th e  am ount o f  f l u i d  w h ich  i s  sq u e e z e d  o u t  o f  t h e  e le m e n t p e r  
u n i t  o f  t im e ,
-  dxdydz 9 t
7T hus,
dv  +  d v  +  rVV = _ 3 V
a x  a y  a z  ~ "  a t
S u b s t i t u t i n g  E q u a tio n  (2 .1 2 )  i n t o  ( 2 .1 3 )  g iv e s
(2 .1 3 )
(2 .1 4 )
The d iv e rg e n c e  o f  E q u a tio n s  ( 2 .7 )  and ( 2 .8 )  com bined g iv e s ,
tf.V  = (2 .1 5 )
o r  a ssu m in g  k  and y w to  b e  c o n s ta n t
w
Com bining E q u a tio n s  (2 .1 4 )  and  (2 .1 6 )  r e s u l t s  i n
V*v = -  —  q a u . (2 .1 6 )
(2 .1 7 )
D e f in in g  th e  c o e f f i c i e n t  o f  c o n s o l i d a t i o n  Cy to  b e  k /y wmv  E q u a tio n
(2 .1 7 )  becom es
E q u a tio n  ( 2 .1 8 )  i s  th e  d i f f e r e n t i a l  fo rm  o f  D a rc y 's  law  w h ich  i s  u sed  
i n  t h i s  s tu d y  and  can  b e  r e c o g n iz e d  a s  th e  w e l l  known d i f f u s i o n  
e q u a t io n .
The d e t e r m in a t io n  o f  th e  i n i t i a l  e x c e s s  p o re  p r e s s u r e  d i s t r i b u t i o n  
i s  a c c o m p lish e d  i n  th e  f o l lo w in g  w ay. I f  th e  s o i l  i s  assum ed  
to  b e  in c o m p r e s s ib le ,  i t  w i l l  n o t  com press upon a p p l i c a t i o n  o f  th e  lo a d  
and  th e  p r e s s u r e  i n  th e  f l u i d  w i l l  assum e th e  f u l l  v a lu e  o f  th e  h y d ro ­
s t a t i c  s t r e s s .  S in c e  t h e  s o i l  d o es  com press s l i g h t l y ,  i t  
s h a r e s  th e  s u p p o r t  o f  th e  lo a d  and th u s  th e  e x c e s s  p o re  p r e s s u r e  
assum es o n ly  a  f r a c t i o n  o f  th e  t o t a l  h y d r o s t a t i c  s t r e s s .  F o r  a 
s ta n d a r d  s o i l  t r i a x i a l  t e s t ,  a  m e asu re  o f  th e  am ount o f  th e  t o t a l
(2 .1 8 )
h y d r o s t a t i c  s t r e s s  w hich  th e  p o re  p r e s s u r e  assum es i s  g iv e n  by 
S k erap to n 's  c o e f f i c i e n t . 7 F o r th e  p la n e  s t r a i n  c o n d i t io n s  o f  t h i s  
s tu d y  th e  p r e s s u r e  f r a c t i o n  f  i s  d e f in e d  to  b e  th e  r a t i o  o f  th e  
i n i t i a l  e x c e s s  p o re  p r e s s u r e  to  th e  t o t a l  h y d r o s t a t i c  s t r e s s .
F o r an  u n d ra in e d  s o i l ,  th e  e x c e s s  p o re  p r e s s u r e  w i l l  in c r e a s e  
a f t e r  a p p l i c a t i o n  o f  th e  lo a d .  T h is  i s  c a u se d  by  th e  r e l a x a t i o n  o f  
th e  s t r e s s e s  i n  th e  s o i l  s k e l e t o n  and i s  known a s  th e  M andel C ry e r 
e f f e c t .  The e f f e c t  shows up  i n  d r a in e d  s o i l s  a l s o ,  a t  p o i n t s  i n  th e  
s o i l  w here th e  mean f lo w  p a th  i s  l a r g e  enough t h a t  th e  d r a in a g e  does 
n o t  s u b s t a n t i a l l y  a f f e c t  th e  e x c e s s  p o re  p r e s s u r e  f o r  a  p e r io d  o f  t im e .
CHAPTER III
NUMERICAL ANALYSIS
L in e a r  E l a s t i c i t y
T h e re  a r e  many e n g in e e r in g  s t r u c t u r e s  w h ich  c a n n o t be  th o u g h t  o f  
a s  an  a s se m b la g e  o f  a  f i n i t e  num ber o f  e le m e n ts  s i n c e  th e y  a r e  
a c t u a l l y  c o n t in u o u s  s t r u c t u r e s .  T hese  p rob lem s ca n  b e  h a n d le d  b y  th e  
m ethods o f  s t r u c t u r a l  s t i f f n e s s  a n a l y s i s  by a ssu m in g  th e  c o n t in u o u s  
s t r u c t u r e  to  be  made up o f  " f i n i t e "  e le m e n ts  form ed by  im a g in a ry  
b o u n d a r ie s ;  and  h e n c e  th e  name th e  f i n i t e  e le m e n t m ethod . I t  i s  
assum ed t h a t  th e s e  " f i n i t e "  e le m e n ts  a r e  c o n n e c te d  to  t h e i r  n e ig h b o r in g  
f i n i t e  e le m e n ts  a t  o n ly  a  f i n i t e  num ber o f  p o i n t s ,  w hereas i n  r e a l i t y  
th e y  a r e  c o n n e c te d  a t  an  i n f i n i t e  num ber o f  p o i n t s .  The d is p la c e m e n ts  
o f  th e s e  c o n n e c t in g  o r  n o d a l  p o in t s  a r e  th e  b a s i c  unknowns o f  th e  
sy s te m . The d is p la c e m e n ts  o f  th e  i n t e r n a l  e le m e n t p o in t s  a r e  d e f in e d  
by d is p la c e m e n t  f u n c t io n s  i n  te rm s  o f  th e  n o d a l  d is p la c e m e n ts .  The 
d is p la c e m e n t  f u n c t io n s  u n iq u e ly  d e f in e  th e  s t a t e  o f  s t r a i n  w i t h i n  th e  
e le m e n t .  T hese  s t r a i n s ,  a lo n g  w i th  any  i n i t i a l  s t r a i n s  d e te rm in e  th e  
s t a t e  o f  s t r e s s  th ro u g h o u t th e  e le m e n t and a l s o  on i t s  b o u n d a r ie s .
H ie  d i f f i c u l t i e s  w h ich  a r i s e  from  assum ing  th e  e le m e n ts  a r e  
c o n n e c te d  o n ly  a t  a  f i n i t e  num ber o f  p o in t s  a r e  h a n d le d  by  em p lo y in g  
n o d a l f o r c e s  e q u i v a le n t  t o  th e  e le m e n t b o u n d ary  s t r e s s e s  and an y  
d i s t r i b u t e d  lo a d s .  T h is  r e s u l t  i n  a  s t i f f n e s s  r e l a t i o n s h i p  su c h  a s  
e n c o u n te re d  i n  s t r u c t u r a l  s t i f f n e s s  a n a l y s i s .  The p ro b lem  th u s  can  be
10
a p p ro x im a te d  by  th e  b a s i c  s t r u c t u r a l  p ro b le m .
C o n s id e r  any  g e n e r a l  e le m e n t d e n o te d  by e and l e t  th e  n o d es  be 
c a l l e d  i ,  j ,  m e t c .  The d is p la c e m e n ts  a t  any  p o in t  w i th i n  th e  e le m e n t 
ca n  b e  d e f in e d  by a  colum n v e c t o r  I f )  w here th e  com ponents o f  {£} a r e  
th e  a p p r o p r i a t e  g e n e r a l i z e d  d is p la c e m e n ts .  T hus,
If} [N ] |6 | e  = [1^ Nj . . . ] 6 j
6
( 3 .1 )
ml
w here th e  com ponents o f  [N] a r e ,  i n  g e n e r a l ,  f u n c t io n s  o f  p o s i t i o n  
and { $ fe  i s  j u s t  th e  l i s t i n g  o f  n o d a l  d is p la c e m e n ts  f o r  th e  e le m e n t .
The s t r a i n s  a t  an y  p o in t  i n  th e  e le m e n t can  now b e  fo u n d , s in c e  
th e y  a r e  u n iq u e ly  d e te rm in e d  by th e  d is p la c e m e n ts  o f  th e  e le m e n ts .  In  
m a tr ix  n o t a t i o n  th e y  c a n  a lw ay s  b e  w r i t t e n  a s ,
{€)  «  [ B] {6 }e  ( 3 .2 )
w h ere  i s  a  l i s t i n g  o f  t h e  s t r a i n  com ponents and [B] i s  th e  
a p p r o p r i a t e  m a t r ix .
S in c e  a l lo w a n c e  f o r  e x i s t e n c e  o f  i n i t i a l  s t r a i n s  m u st be  m ade, 
th e  s t r e s s e s  w i l l  b e  d e te rm in e d  b y  th e  d i f f e r e n c e  b e tw een  th e  a c t u a l  
and i n i t i a l  s t r a i n s .  I f  th e  s t r u c t u r e  i s  l i n e a r l y  e l a s t i c  t h e r e  w i l l  
be  a  l i n e a r  r e l a t i o n s h i p  b e tw een  s t r e s s  and  s t r a i n  o f  th e  fo rm
(a )  -  I D l f lc I  -  k 0 | ) ( 3 .3 )
w here  [D] i s  th e  a p p r o p r i a t e  e l a s t i c  m a t r ix .  





w h ich  a r e  e q u i v a le n t  s t a t i c a l l y  to  th e  b o u n d a ry  s t r e s s e s  and  th e  
d i s t r i b u t e d  loadB  on th e  e le m e n t .  The d i s t r i b u t e d  lo a d s  {p} a r e  
d e f in e d  a s  th o s e  a c t i n g  on a  u n i t  vo lum e o f  m a t e r i a l  w i th i n  th e  
e le m e n t w i th  d i r e c t i o n s  c o r re s p o n d in g  to  th o s e  o f  th e  d is p la c e m e n ts  
i f f  a t  t h a t  p o i n t .
In  o r d e r  to  make th e s e  n o d a l  fo rceB  s t a t i c a l l y  e q u i v a le n t  to  th e  
b o u n d ary  s t r e s s e s  and  d i s t r i b u t e d  l o a d s ,  an  a r b i t r a r y  ( v i r t u a l )  n o d a l  
d is p la c e m e n t  w i l l  b e  im posed  and th e  e x t e r n a l  w ork done by  th e  n o d a l  
f o r c e s  w i l l  be  e q u a te d  to  th e  t o t a l  i n t e r n a l  w ork done by th e  s t r e s s e s  
an d  d i s t r i b u t e d  lo a d s .
C a l l  su c h  a  v i r t u a l  d is p la c e m e n t  {&*} a t  th e  n o d e s . E q u a tio n s
E q u a tin g  th e  e x t e r n a l  w ork w i th  th e  t o t a l  i n t e r n a l  w ork o b ta in e d  
b y  i n t e g r a t i n g  o v e r  th e  volum e o f  th e  e le m e n t r e s u l t s  i n
S in c e  t h i s  i s  v a l i d  f o r  any  v i r t u a l  d is p la c e m e n t  E q u a tio n  ( 3 .6 )  y i e l d s
( 3 .1 )  and  ( 3 .2 )  y i e ld  
(f*> = [N] | 6 *}e ( 3 .4 )
and
if* }  »  CB] {ft*}® ( 3 .5 )
The w ork done by  th e  n o d a l  f o r c e s  i s  g iv e n  by
The i n t e r n a l  w ork p e r  u n i t  vo lum e d o n e  b y  th e  s t r e s s e s  and
d i s t r i b u t e d  lo a d in g  i s  g iv e n  by
U sing  E q u a t io n s  ( 3 .4 )  and  ( 3 .5 )  y i e l d s
( 3 .6 )
(3 .7 )
U sin g  E q u a tio n s  ( 3 .2 )  and  ( 3 .3 )  t h i s  can  b e  w r i t t e n  a s
iF ,e  = ( / [ B ]T £D ]tB j dv)< 6 Je  - / w T[ « U o t dv -  > i T |P l  dv  (3 .8 )  
T h is  e q u a t io n  i s  i n  th e  same fo rm  a s  i s  e n c o u n te re d  i n  s t r u c t u r a l  
s t i f f n e s s  a n a l y s i s , w here  th e  s t i f f n e s s  m a tr ix  i s  g iv e n  by
[ k ] e = y [ B ] T[D ][B ] dv ( 3 .9 )
Ih e  n o d a l  f o r c e s  d ue  to  d i s t r i b u t e d  lo a d s  a r e
{F |p  = - / [ N ] T |p }  dv (3 .1 0 )
and  th o s e  due to  i n i t i a l  s t r a i n  a r e
*p io = - / [ b ]T [d ]  dv {3*n )
The f o r c e - d i s p l a c e r a e n t  r e l a t i o n s h i p  f o r  th e  e n t i r e  s y s te m  can  now
be  fo u n d  by  e s t a b l i s h i n g  e q u i l ib r iu m  o n ly  a t  th e  n o d es  o f  th e  s y s te m ,
b e c a u se  e q u i l i b r i u m  w i th in  eac h  e le m e n t h a s  a l r e a d y  b e e n  s a t i s f i e d .
L e t  th e  sy s te m  b e  lo a d e d  b y  e x t e r n a l  f o r c e s  a t  th e  nod es
f R } h
. “ m
w h ere  m i s  th e  t o t a l  num ber o f  n o d e s . I f  e q u i l ib r iu m  c o n d i t io n s  a r e  to  
b e  e s t a b l i s h e d ,  e ac h  e x t e r n a l  n o d a l  f o r c e  Rj h a s  to  b e  b a la n c e d  by th e  
sum o f  th e  f o r c e s  a t  th e  j *^1 node  c a u se d  by th e  e le m e n ts  m e e tin g  a t  
t h i s  n o d e .
T hus,
iR jl  (3 .1 2 )
th e  sum m ation  b e in g  ta k e n  o v e r  a l l  th e  e le m e n ts  w h ich  in c lu d e  th e  
n o d e .
U sing  E q u a t io n s  ( 3 . 8 ) ,  ( 3 .9 ) ,  ( 3 .1 0 ) ,  and ( 3 .1 1 ) ,  E q u a tio n  (3 .1 2 )  
c a n  b e  w r i t t e n  a s
i * j  i + 2 |By p  + 2 , f j  i  <3 - u >
w hich  ca n  b e  w r i t t e n  m ore s im p ly  a s
[K]{S1 -  <R} -  {F}p -  {F}Q (3 .1 4 )
w here  [K] i s  th e  s t i f f n e s s  o f  th e  e n t i r e  s y s te m , {R | i s  a l i s t i n g  o f
a l l  e x t e r n a l  n o d a l  l o a d s ,  {F} a r e  th e  n o d a l f o r c e s  needed  to  b a la n c e
P
th e  d i s t r i b u t e d  lo a d in g ,  and  f F a r e  th e  n o d a l  f o r c e s  n eed ed  to  
b a la n c e  th e  i n i t i a l  s t r a i n s .
G eo m etric  S t i f f n e s s *
C o n s id e r  a  s i n g l e  e le m e n t i n  th e  ' ' i n i t i a l  s t a t e "  ( c a l l  t h i s  
" S t a t e  1 " ) .  The e q u i l i b r i u m  e q u a t io n  f o r  th e  e le m e n t i n  t h i s  s t a t e  
can  b e  o b ta in e d  by  im p o s in g  an  a r b i t r a r y  and v a n i s h i n g ly  s m a l l  
im a g in a ry  d is p la c e m e n t  {g*} a t  th e  e le m e n t n o d es  and  e q u a t in g  th e  
e x t e r n a l  w ork done b y  th e  n o d a l f o r c e s  to  th e  i n t e r n a l  w ork done by 
th e  s t r e s s e s .  T h is  v i r t u a l  w ork e q u a t io n  i s
<6*}T<Fi » /v{€*fiaJ dv (3 .1 5 )
The r e l a t i o n s h i p  b e tw e e n  f i n i t e  ch an g e s  o f  t h e  n o d a l  d is p la c e m e n ts  {g} 
a b o u t S t a t e  1 and  th e  c o r re s p o n d in g  ch an g e s  i n  s t r a i n  {Ac} c a n  be 
w r i t t e n  a s
- 2 ( l £  + S j ) ■+ f t  1 Irr) (3-16)
H
w h ere
= g e n e r a l i z e d  c o o r d in a te  
u^  -  d is p la c e m e n t  change  a lo n g  x^  a s s o c i a t e d  w i th  th e  in c re m e n t 
i n  s t r a i n  AC•
The r e l a t i o n s h i p  b e tw e e n  th e  n o d a l  d is p la c e m e n t  {g f and t h e  d i s p l a c e -
t«x J
m ent ch an g e  \ f } *= ( U j | w i l l  now b e  assum ed t o  b e  d e f in e d  b y  th e  same
' V
* T h is  s e c t i o n  i s  b a se d  l a r g e l y  on R e fe re n c e  5 .
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ty p e  o f  I n t e r p o l a t i o n  f u n c t io n s  a s  a r e  u se d  to  d e v e lo p  th e  l i n e a r  
s t i f f n e s s .
T h a t i s
ffl = jlj = jSj " tN]i61 C3*17)
3 <Pa
The r e l a t i o n s h i p  be tw een  s t r a i n  ch an g e s  and c h a n g e s  o f  n o d a l  d i s p l a c e ­
m en t now fo llo w s  from  E q u a tio n s  (3 .1 6 )  and  ( 3 .1 7 )  a s
AC - ■ » * '  *  '* < & ♦ £ >i j  2  \ 9 x i
The r e l a t i o n s h i p  b e tw een  a  d i f f e r e n t i a l  in c re m e n t o f  s t r a i n  dc^^ and 
th e  c o r re s p o n d in g  d is p la c e m e n ts  {d6 } , c a n  b e  o b ta in e d  f o r  S t a t e  1 by 
o b s e r v in g  t h a t  i n  t h i s  s t a t e  {ft} = {Of ,  and h e n c e  
■> /c3cp4 ^ P i \
* i j  = H ^  +  a ^ > ld61 (3- 19)
A lso  th e  c o r re s p o n d in g  r e l a t i o n s h i p  i n  S t a t e  2 ,  w h ich  i s  o b ta in e d  by 
d i s p l a c i n g  an  am ount {ft | from  S t a t e  1 ,  i s  o b ta in e d  by  ta k in g  th e  
d i f f e r e n t i a l  o f  E q u a tio n  (3 .1 8 )  to  o b t a i n
E q u a tio n  (3 .1 9 )  can  now b e  s u b s t i t u t e d  in t o  E q u a t io n  (3 .1 3 )  and  th e  
a r b i t r a r y  d is p la c e m e n t  {ft*} c a n  be  c a n c e l l e d  to  g iv e
{Ff = f ( 5 j S v \  d v  (3 .2 1 )
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In  w h ich  {(j} c o n ta in  9 s t r e s s  com ponents and n a p p e a r in g
s e p a r a t e l y )  and  each  row o f  [B] i s  th e  c o r re s p o n d in g  m a tr ix  
£  o f  E q u a tio n  ( 3 .1 9 ) .  M a tr ix  [B] i s  v e ry
s i m i l a r  to  th e  m a tr ix  [B] r e l a t i n g  s t r a i n  to  n o d a l d is p la c e m e n t  i n  th e  
l i n e a r  th e o ry  o f  th e  p r e v io u s  s e c t i o n ,  e x c e p t  t h a t  s e p a r a t e  row s o c c u r  
f o r  c . . and  * . . .
An e q u i l ib r iu m  e q u a t io n  can  a l s o  b e  e s t a b l i s h e d  f o r  S t a t e  2 , 
e x c e p t t h a t  a s  th e  n o d a l  d is p la c e m e n ts  ch an g e  by {5 } th e  s t r e s s  change 
to  +  Act) and  th e  lo a d s  r e q u i r e d  to  m a in ta in  e q u i l ib r iu m  ch an g e  to  
{F 4- a F ) .  T h a t i s ,  th e  v i r t u a l  w ork e q u a t io n  becom es
{6 *}T {F +  a F ) -  J „ { e * |T|a  +  Act} dv (3 .2 2 )
and  i n  a d d i t i o n  th e  r e l a t i o n s h i p  b e t w e e n * }a n d {5 * } i s  g iv e n  by 
E q u a tio n  ( 3 .2 0 ) .  E q u a t io n  (3 .2 0 )  c a n  b e  s u b s t i t u t e d  i n t o  E q u a tio n  
(3 .2 2 )  and  {§*} can  b e  c a n c e l l e d ,  to  g iv e
L *  1{F +  AF}= J v EB]Aja  +  Act} dv
f 1 3 3 3 /dtPlrV T / d rDlf \
X K i h l *  < ^ >  ^ +ta^ ) < ^ >  *"*' (3 - 23>
The l a s t  two te rm s  i n  E q u a t io n  ( 3 .2 3 )  c a n  b e  r e a r r a n g e d  i n t o  th e  form
f  I  i c f l a  + act,,]  EC]
• 'v  k = l .  . J  J  ■
i n  w h ich  row  i  o f  fC] i s  /  ' "^^anc
(3 .2 4 )
E d ij +  ACTi : j ] “
CTji d* ACTu CTis d- ACT12 (7x 3  *** ACT13
CTax d - A ct3 1  CTga *** ACT32 CT3 3  d* A cJ3 3
CT3X Act31 ct33  +  Act33 ct33  d- Act33_
(3 .2 5 )
E q u a tio n  (3 .2 1 )  c a n  now b e  s u b t r a c t e d  from  E q u a tio n  (3 .2 3 )  to  g iv e  
{AFf a i b o \  dv
+  |  iX ECjT[CTi j  +  Aai:J ][C ] dv(&} ( 3 .2 6 )
Now a l lo w  {6 } to  r e d u c e  to  a  v a n i s h in g ly  s m a ll  r e a l  d is p la c e m e n t
( d6 1 , th u s  e n a b l in g  th e  ta n g e n t  r e l a t i o n s h i p  be tw een  f dFI and | dfi } to
b e  e s t a b l i s h e d .  H ence, (ActI becom es ( d a l .
F o r a  l i n e a r  e l a s t i c  m a t e r i a l
(dCT } = [D] (de } (3 .2 7 )
i n  w h ich  [D] i s  s i m i l a r  to  th e  m a tr ix  [D] a p p e a r in g  i n  th e  l i n e a r  
a n a l y s i s ,  b u t  h a s  s e p a r a t e  row s and  co lum ns f o r  and 
A lso  o b s e rv e  t h a t  from  E q u a tio n  (3 .1 9 )  i t  fo l lo w s  
I d c } ,"  [B ]{ d M . (3 .2 8 )
Now ig n o r in g  da  w i th  r e s p e c t  to  cj E q u a t io n  (3 .2 6 )  becom es
<dF} dv {dM +|  1X [C]T[tJijHGl dv {dM (3*29)
o r
IdF f = [KE]{ d 6 l +  [K c lfd S I (3 .3 0 )
w h ere
[Ke ] = dv  (3 .3 1 )
[Kg3 dv  (3 .3 2 )
By o b s e rv in g  t h a t  = CTj i  tdie m a tr^ c e s  -^n  E q u a tio n  (3 .3 1 )  can  b e  
co n d en sed  to  th e  same fo rm  a s  was u s e d  i n  th e  l i n e a r  a n a l y s i s .
The g e o m e tr ic  o r  " i n i t i a l  s t r e s s "  m a t r ix  [Kq] (E q u a t io n  ( 3 .3 2 ) )  
r e s u l t s  from  th e  n o n l i n e a r  te rm s  i n  th e  s t r a i n - d i s p l a c e m e n t  r e l a t i o n ­
s h ip  g iv e n  i n  E q u a t io n  (3 .1 6 )  w hich  a r e  ig n o re d  when o n ly  s m a ll  
d is p la c e m e n ts  a r e  c o n s id e r e d .  I t  r e p r e s e n t s  a  " s t i f f n e s s 11 due to  th e
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e x i s t i n g  s t r e s s e s  when f i n i t e  d is p la c e m e n ts  a r e  a n t i c i p a t e d .
E q u i l ib r iu m  C o r r e c t io n *
N o n l in e a r i ty  i s  n e c e s s a r i l y  e n c o u n te re d  i n  th e  l a r g e  d i s p l a c e ­
m ents p ro b le m . E x a c t s o l u t i o n s  f o r  n o n l i n e a r  p ro b lem s can  b e  o b ta in e d  
o n ly  b y  i t e r a t i v e  t e c h n iq u e s .  Ttoo i t e r a t i v e  te c h n iq u e s  a r e  i l l u s t r a t e d  
i n  F ig u re s  3 .1  and 3 . 2 .  I n  F ig u re  3 .1  a  s e r i e s  o f  l i n e a r  a n a ly s e s  i s  
p e r fo rm e d , i n  eac h  c a s e  u s in g  th e  s t i f f n e s s  o f  th e  s t r u c t u r e  i n  i t s  
o r i g i n a l  s t a t e .  A f t e r  e a c h  a n a l y s i s  " e q u i l ib r iu m  c o r r e c t i o n "  f o r c e s  
a r e  c a l c u l a t e d  by ta k in g  th e  d i f f e r e n c e  b e tw een  th e  a p p l ie d  lo a d  and  
th e  lo a d  r e q u i r e d  to  h o ld  th e  s t r u c t u r e  i n  e q u i l i b r i u m  i n  th e  c a l c u ­
l a t e d  d efo rm ed  c o n f i g u r a t i o n .  T hese " e q u i l ib r iu m  c o r r e c t i o n "  f o r c e s  
a r e  s u c c e s s iv e l y  a p p l i e d  a s  c o r r e c t i o n s ,  u n t i l  th e y  a r e  s m a l l  enough 
to  s a t i s f y  th e  a n a l y s t .  The r e s u l t  s a t i s f i e s  e q u i l ib r iu m  and 
c o m p a t i b i l i t y ,  and  t h e r e f o r e  m ust b e  c o r r e c t .  F ig u re  3 .2  p o r t r a y s  a  
s i m i l a r  p ro c e d u re ,  e x c e p t  t h a t  a  new ta n g e n t  s t i f f n e s s  i s  com puted i n  
e a c h  in t e r m e d i a t e  d efo rm ed  s t a t e .  F o r e a c h  s t e p  o f  th e  i t e r a t i o n  th e  
r e s u l t i n g  c o m p u ta tio n  i s  m ore le n g th y ,  b u t  c o n v e rg e n c e  c a n  b e  e x p e c te d  
w i th  fe w e r  c y c le s  and g r e a t e r  r e l i a b i l i t y .
The two m ethods w h ich  a r e  i l l u s t r a t e d  i n  F ig u re s  3 .3  and  3 .4  a r e  
a p p ro x im a te  s o l u t i o n  te c h n iq u e s  f o r  th e  l a r g e  d is p la c e m e n ts  p ro b le m . 
F ig u re  3 .3  shows a s im p le  s t e p  by s t e p  m e th o d , i n  w h ich  l i n e a r  
a n a l y s i s  i s  c a r r i e d  o u t  f o r  ea c h  lo a d  in c re m e n t ,  w here  th e  s t i f f n e s s  
u se d  i s  th e  e x a c t  o r  a p p ro x im a te  ta n g e n t  s t i f f n e s s  c o r re s p o n d in g  to  
th e  d efo rm ed  c o n f ig u r a t io n  a t  th e  end  o f  th e  p r e v io u s  s t e p .  T h is  
s o l u t i o n  can  b e  e x p e c te d  to  d iv e rg e  from  th e  e x a c t  s o l u t i o n ,  th e
* T h is  s e c t i o n  i s  b a s e d  l a r g e l y  on R e fe re n c e  5 .
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ta n g e n t  a t  o r i g i n
ta n g e n t  a t  r.
e x a c t
F ig u re  3 .2  I t e r a t i o n  U sing  T an g en t S t i f f n e s s
ta n g e n t  a t  r,
ta n g e n t  a t  r.
e x a c t
F ig u re  3 .3  S im p le  S te p  b y  S te p  M ethod
{a r |
MR!
F ig u re  3 .4  S te p  by  S te p  W ith  E q u i l ib r iu m  C o r r e c t io n
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e x t e n t  d ep en d in g  on  th e  lo a d  in c re m e n t and  th e  d e g re e  o f  n o n l i n e a r i t y .  
In  F ig u re  3 .4 ,  an  Im proved  s t e p  b y  s t e p  m ethod i s  shew n i n  w h ich  th e
added  to  th e  lo a d  in c re m e n t f o r  th e  n e x t  s t e p .  The d iv e rg e n c e  fro m  
th e  e x a c t  s o l u t i o n  s h o u ld  be  l e s s  i n  t h i s  c a s e  and  i t  i s  t h i s  
te c h n iq u e  w h ich  i s  u s e d  i n  t h i s  s tu d y .
I n  o r d e r  to  p e r fo rm  any  o f  th e  " e q u i l ib r iu m  c o r r e c t i o n "  
te c h n iq u e s  d i s c u s s e d  a b o v e , th e  lo a d  r e q u i r e d  to  h o ld  th e  s t r u c t u r e  
i n  e q u i l ib r iu m  i n  th e  in t e r m e d i a te  c o n f ig u r a t io n  m ust b e  fo u n d . The 
s o l u t i o n  to  t h i s  p ro b le m  i s  c o n ta in e d  i n  E q u a tio n  ( 3 .2 1 ) ,  n am e ly ,
i n  w h ich  {F } i s  th e  r e q u i r e d  h o ld in g  f o r c e  f o r  a s i n g l e  e le m e n t an d  
{(7 } i s  th e  e le m e n t s t r e s s  d e te rm in e d  i n  th e  p r e v io u s  s t e p .  T hese 
e le m e n t h o ld in g  f o r c e s  n eed  o n ly  to  b e  a ssem b led  i n t o  th e  o v e r a l l  
s t r u c t u r e  h o ld in g  f o r c e s  and  s u b t r a c t e d  from  th e  a c t u a l  a p p l ie d  
f o r c e s  to  com pute th e  " e q u i l i b r iu m  c o r r e c t i o n "  f o r c e s .
P o re  P r e s s u r e  C a l c u l a t i o n
I t  was s t a t e d  i n  C h a p te r  I I  t h a t  t h e  e x c e s s  p o re  p r e s s u r e  o b ey s  
th e  d i f f e r e n t i a l  fo rm  o f  D a rc y 's  law  g iv e n  by
The a p p ro x im a te  p o re  p r e s s u r e  d i s t r i b u t i o n  w i th  tim e  ca n  a l s o  be 
d e te rm in e d  u s in g  th e  f i n i t e  e le m e n t m e th o d . To do th iB  i t  w i l l  f i r s t  
b e  shown t h a t  E q u a t io n  (3*34 ) ca n  b e  o b ta in e d  by t h e  m in im iz a t io n  o f  
th e  a p p r o p r i a t e  f u n c t i o n a l .
C o n s id e r  th e  f u n c t i o n a l  g iv e n  on th e  fo l lo w in g  p a g e ,
e q u i l ib r iu m  c o r r e c t i o n "  f o r c e  a t  th e  end o f  ea c h  s t e p  i s  com puted and
(3 .3 3 )
(3 .3 4 )
x j j j i? + i ^ j  M ^ r u « n d v b *- ( 3 - 3 5 )
The w e l l  known E u le r  th e o re m  s t a t e s  t h a t  I f  th e  i n t e g r a l  
X » y ,  z ,  u , as* aa . dxdydi!j
i s  t o  b e  m in im iz e d , th e n  th e  n e c e s s a r y  c o n d i t io n  f o r  t h i s  minimum to  
b e  r e a c h e d  i s  t h a t  th e  unknown f u n c t io n  sh o u ld  s a t i s f y  th e  fo l lo w in g  
d i f f e r e n t i a l  e q u a t io n ,
i?)i^  * . I j- itlJL— — I -f £L_ . . . . \ = o (3 36)
?)x ( 3 f e u / a x ) /  s y t a f e u / 3 y ) f  dz ^ ( a u / B z ) /  3u *
w i th i n  th e  same r e g io n ,  p ro v id e d  u s a t i s f i e s  th e  same b o u n d ary
c o n d i t io n s  i n  b o th  c a s e s .  U sing  E q u a t io n  ( 3 .3 6 ) ,  th e  m in im iz a t io n  o f
th e  f u n c t i o n a l  i n  E q u a t io n  (3 .3 5 )  r e s u l t s  i n  E q u a tio n  ( 3 .3 4 ) ,  and  th u s
6X = 0
i s  an  e q u iv a le n t  f o r m u la t io n  o f  E q u a t io n  ( 3 .3 4 ) .
C o n s id e r  th e  r e g io n  o f  i n t e r e s t  to  be  d iv id e d  i n t o  f i n i t e  
e le m e n ts*  b e t  th e  n o d a l  v a lu e s  o f  u  d e f in e  th e  f u n c t io n  w i th in  eac h  
e le m e n t ,  j u s t  a s  was done  w ith  th e  d is p la c e m e n ts  i n  th e  l i n e a r  
e l a s t i c i t y  s e c t i o n .
F o r a t y p i c a l  e le m e n t w i th  n  n o d e s ,  i t  can  be  w r i t t e n  by 
s i m i l a r i t y  w i th  E q u a tio n  ( 3 .1 ) ,
u  s  [N^> Kj , . . . 3  Sji]
u i
Uj ( e ENHu}e (3 .3 7 )
V I
g
I n  th e  above {u} r e p r e s e n t s  th e  n  n o d a l  v a lu e s  o f  u  a s s o c i a t e d  w i th  
t h e  n o d es  o f  t h e  e le m e n ts .
W ith th e  n o d a l  v a lu e s  o f  u d e f in i n g  now u n iq u e ly  and  c o n t in u o u s ly  
th e  f u n c t io n  th ro u g h o u t th e  r e g io n ,  th e  f u n c t i o n a l  y  can  be  m in im ized
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w ith  r e s p e c t  to  th e s e  v a l u e s .
T h is  p r o c e s s  i s  b e s t  a c c o m p lish e d  by f i r s t  e v a l u a t i n g  th e  c o n t r i ­
b u t io n s  to  e a c h  d i f f e r e n t i a l ,  su ch  a s  from  a t y p i c a l  e le m e n t ,
th e n  a d d in g  a l l  su ch  c o n t r i b u t i o n s  and e q u a t in g  to  z e r o .
O nly th e  e le m e n ts  a d j a c e n t  to  th e  n o d e  i  w i l l  c o n t r i b u t e  to  ,-^ /^ u ^  
j u s t  a s  o n ly  s u c h  e le m e n ts  c o n t r i b u te d  i n  th e  e l a s t i c i t y  p ro b lem  to  th e  
e q u i l ib r iu m  e q u a t io n s  o f  su c h  a  n o d e . The f o r m u la t io n  o r  a s se m b ly  o f
th e  f i n a l  e q u a t io n s  w i l l  o b v io u s ly  b e  s i m i l a r  i n  b o th  p ro b le m s .
0
I f  th e  v a l u e  o f  x  a s s o c i a t e d  w ith  th e  e le m e n t i s  c a l l e d  x  » th e n  
d i f f e r e n t i a t i n g  E q u a tio n  (3 .3 5 )  r e s u l t s  i n ,
(3 .3 8 )
Now, u s in g  E q u a tio n  ( 3 .3 7 ) ,
^  = [ N ,j ] { u } e
and
T h u s , E q u a tio n  (3 .3 8 )  b eco m es,
(3 .3 9 )
N o tin g  t h a t ,
and
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E q u a tio n  (3 .3 9 )  ca n  b e  w r i t t e n
FWe
r^u (3 .4 0 )
T h is  e le m e n t c o n t r i b u t e s  o n ly  n  o f  th e  d i f f e r e n t i a l s  a s s o c i a t e d








t h e  r e s u l t s  o f  E q u a tio n  (3 .4 0 )  and  n -1  s i m i l a r  d i f f e r e n t i a t i o n s  c a n  be 
w r i t t e n  a s ,
+ tN]T[N!{ | l } e | ^  d*=dX3 
'  j f f \ Cv t -  i 1N- j l I [N ' j ]  [ dXl  dX3 d>S I Ui°
0 . 4 1 )
-  [ h ] M e + [P] { ^
k
[hl =I i [ f { Cv ^  dxi dxa dxa
Ep] “ j^ ^ E N ^ E N ]  dj^dx^dXg.
The f i n a l  e q u a t io n s  o f  th e  m in im iz a t io n  p ro c e d u re  r e q u i r e  th e  
a s s e m b ly  o f  a l l  th e  d i f f e r e n t i a l s  o f  ^  and  e q u a t in g  o f  th e s e  to  z e r o .
w h ere
T y p ic a l ly ,
. e
“  X  “ 0 , i  *= 1 , 2 , . . . ,  n o .  o f  n o d e s ,
0 Uj^  i
th e  sum m ation b e in g  ta k e n  o v e r  a l l  th e  e le m e n ts .  I h i s  p ro c e s s  r e s u l t s  
i n  th e  a ssem b ly  o f  th e  e le m e n t m a t r i c i e s  [h ] and  [p ] i n t o  th e  o v e r a l l  
m a t r i c i e s  [H] and  [P] r e s p e c t i v e l y .  T hus,
[ H ] iu | +  [ P ] | ^ |  = 0 .  (3 .4 2 )
Now l e t  i t  b e  assum ed t h a t  i n  th e  i n t e r v a l  o f  tim e  A t th e  v a lu e s  
o f  v a ry  l i n e a r l y  w i th  t im e .  T h u s , u s in g  T a y l o r 's  th eo rem
e x p a n s io n  th e  f o l lo w in g  i s  a r r i v e d  a t .
| u | t  ‘
A t = +  < > • « >
o r
{ & } t  "  +  («“ > * “ M * * * }  ■ * .* * >
S u b s t i t u t i n g  E q u a t io n  ( 3 .4 4 )  i n t o  E q u a t io n  ( 3 .4 2 )  g iv e s
(ih] + b  - m ( b  {U l - A t + { b } t . h t }  » • « >
E v a lu a t in g  E q u a t io n  ( 3 .4 0 )  a t  t - A t  g iv e s ,
M - A t ' - [P ] ' 1 [ H ,I O , t - A f  0 - « >
S u b s t i t u t i n g  E q u a t io n  ( 3 .4 4 )  i n t o  E q u a t io n  (3 .4 3 )  and  m u l t ip ly in g  
A tth ro u g h  by —  r e s u l t s  i n ,
( [ «  + f  -  ([P] - f  (3.47)
Thus can  b e  e v a lu a te d  know ing { u ) fci_Q by  s o lv in g  th e  sy s te m  o f
s im u l ta n e o u s  E q u a t io n s  ( 3 .4 7 )  r e p e a t e d ly .
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Flow S t r a i n s
The c a l c u l a t i o n  o f  th e  flo w  s t r a i n s  i s  b a se d  on D a rc y 's  law  
e x p r e s s in g  th e  l i n e a r  r e l a t i o n s h i p  b e tw een  th e  h y d r a u l i c  g r a d ie n t  
and  th e  f i l t r a t i o n  s p e e d  v : 
v  = k i
w here  k  i s  th e  p r o p o r t i o n a l i t y  c o n s ta n t  c a l l e d  th e  c o e f f i c i e n t  o f  
p e r m e a b i l i ty .
The n e t  f lo w  r a t e  from  any e le m e n t i s  g iv e n  by
= /v -d A  = /k i - d A .
• 's  J sQ '
The h y d r a u l i c  g r a d i e n t  i s  g iv e n  b y ,
i  = -V u /v  r w
w h ere  y w i s  th e  s p e c i f i c  w e ig h t o f  th e  f l u i d .  T hus,
Q = I s “ VU*dA* (3
U sing  G a u s s 's  th e o re m  E q u a tio n  (3 .4 8 )  becom es 




assu m in g  k  and  Y a r e  c o n s ta n t  o v e r  th e  e le m e n t .1 w
U sin g  th e  d i f f e r e n t i a l  fo rm  o f  D a rc y 's  la w , E q u a t io n  ( 2 .1 8 ) ,  
E q u a tio n  (3 .4 9 )  y i e l d s





The in C e g r a l  I n  E q u a t io n  (3 .5 0 )  c a n  b e  a p p ro x im a te d  by u s in g  th e
a v e ra g e  o f  d u / d t  o v e r  t h e  e le m e n t. T hus,
(U£ +  u . +  . . .  +  ufl)
Q rj -niy. — J — -------------------  vo lum e.
The ch an g e  i n  volum e AV o f  th e  e le m e n t o v e r  t im e  f it  i s  g iv e n  b y ,
/ t+ & t -m ( v o l . )  y* t+ £ t  Qdt = -    j  (&1 +  Uj +  . . .  + u „ )d t
“ Hiy ( v o l . )
-  "  n  (Au^ +  +  . . .  +  Aun ) •
The v o lu m e tr i c  s t r a i n  i s  g iv e n  b y ,
_ M  El
¥ i n v
s v o l .  n  j
The l i n e a r  s t r a i n  f o r  t h r e e  d im e n s io n a l  f lo w  i s  j u s t ,
o r  f o r  two d im e n s io n a l  f lo w  i s
t -  I  vs (3.51)
C reep  S t r a i n s
The c r e e p  s t r a i n s  a r e  b a se d  on  th e  e m p i r i c a l  r e l a t i o n ,
M e c } = HOjj -  a a ) A tB [C ]{a}A t (3 .5 2 )
w here  AK I i s  an  in c re m e n t  o f  th e  c r e e p  s t r a i n  v e c t o r  a s s o c i a t e d  w i th  
a n  in c re m e n t i n  tim e A t* cr* > and CTa a r e  p r i n c i p a l  s t r e s s e s ,  | ( j |  i s  th e  
s t r e s s  v e c t o r ,  and H, A , and  B a r e  m a t e r i a l  p r o p e r t i e s  p a r a m e te r s .  The 
m a tr ix  [C] r e p r e s e n t s  t h e  s t r a i n - s t r e s s  m a t r ix  f o r  p la n e  s t r a i n  w ith  
E -  1 ,0  and  v  = .5 .  T h a t  i s ,
'  . 7 5 - . 7 5 O '
[ C 3  - 1 * *•4 in . 7 5 0
.  o 0 3 _
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Now f o r  s m a l l  v a lu e s  o f  £ t ,
A K C } A n
# {Cc l “  HCtj, -  fra ) t  [C ](a [
The x  and  y  com ponents o f  t h i s  e q u a t io n  ca n  b e  w r i t t e n  a s ,
%  = -W H foi - o 3 )Afex - a y ) t B,
%  -  - .J S H fo ,  -  a2 )A(ax -  a y ) t B.
D u rin g  a  p la n e  s t r a i n  t e s t  cr, , cr3 » a  > and q a r e  v e ry  n e a r l yx  y
c o n s t a n t .  T hus, a f t e r  i n t e g r a t i o n  th e  f o l lo w in g  fo rm  i s  o b ta in e d ,
,75H  , ,A ,  , .B +  1
Ex "  ' S  "  F T T  <ox  " <Jy ) t
w h ich  i s  o f  th e  fo rm ,
eX *  -* y  = ^  (3 -53)
w here
v  _  . 75H / \A / \
*1 _ B +  1 fal  "  ’ feX ’  V
K, = B +  1 .
The m a t e r i a l  p r o p e r t i e s  p a ra m e te r s  a r e  c a l c u l a t e d  b y  c u rv e  f i t t i n g  
th e  m easu red  c re e p  s t r a i n s  w i th  an e q u a t io n  o f  th e  fo rm  o f  E q u a tio n  
( 3 .5 3 ) .  B ut th e  c re e p  s t r a i n s  a r e  a p p l ie d  i n  in c re m e n ts  o c c u r r in g  
o v e r  th e  tim e  in c re m e n t  A t a s  g iv e n  i n  E q u a t io n  ( 3 .5 2 ) .  F o r f i n i t e
tim e  In c re m e n ts  A t ,  th e  t o t a l  c re e p  a c c u m u la te d  i n  in c re m e n ts  g iv e n
by E q u a t io n  (3 .5 2 )  w i l l  d iv e rg e  from  th e  c u rv e  f i t  c r e e p .  T h is  
p ro b le m  can  b e  c o r r e c t e d  by  e v a lu a t in g  t h e  in c re m e n t i n  c re e p  s t r a i n  
o c c u r r in g  o v e r  t im e  in c re m e n t Afc a t  tim e  t e  d u r in g  A t s u c h  t h a t  th e  
s lo p e  o f  E q u a tio n  ( 3 .5 3 )  i s  e q u a l  to  A c /A t. T hus,
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C a l l in g  th e  tim e  a t  th e  b e g in n in g  o f  th e  tim e in c re m e n t and  th e  
tim e  a t  th e  end o f  th e  tim e  in c re m e n t tg g iv e s
T h u s , t h e  a c t u a l  fo rm  o f  th e  e q u a t io n  t h a t  i s  u s e d  to  c a l c u l a t e  
in c re m e n ts  i n  c re e p  s t r a i n  i s  g iv e n  by
Combined A n a ly s is
The com bined a n a l y s i s  c o n s i s t s  o f  two b a s ic  su b p ro g ra m s ; a  
s o l i d s  su b -p ro g ra m  w h ich  c a l c u l a t e s  s t r e s s e s  and  d i s p la c e m e n ts ,  and a  
d i f f u s i o n  ( t r a n s i e n t  p o re  p r e s s u r e )  su b -p ro g ra m  w h ich  c a l c u l a t e s  th e  
p o re  p r e s s u r e  a s  a  f u n c t io n  o f  t im e .  T hese two su b -p ro g ra m s  a r e  
c o u p le d  and  m o n ito re d  by a  common tim e  s c a l e .  W ith  th e  a p p l i c a t i o n  o f  
an  i n i t i a l  lo a d  in c re m e n t ,  th e  s o l i d s  su b -p ro g ra m  c a l c u l a t e s  th e  
im m ed ia te  r e s p o n s e  o f  th e  s o i l .  The s t r e s s  d i s t r i b u t i o n  c a u s e d  by th e  
i n i t i a l  lo a d  i s  u s e d  to  d e te rm in e  th e  i n i t i a l  p o re  p r e s s u r e  d i s t r i b u ­
t i o n .  The d i f f u s i o n  su b -p ro g ra m  i s  th e n  ru n  f o r  some tim e  s t e p  A t 
made up o f  tim e  in c re m e n ts  f t t .  A t th e  end  o f  th e  tim e  s t e p  th e  flo w
E q u a tin g  th e  s lo p e  a t  t  = t fi to  AC/At g iv e s
o r
A{cc } = H<ax - a3 )AteB [cHa} At (3 .5 4 )
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( c o n s o l i d a t io n )  s t r a i n s  f o r  th e  tim e  s t e p  A t a r e  com puted u s in g  th e  
p o re  p r e s s u r e  d i s t r i b u t i o n  v e r s u s  t im e .  A lso  th e  c re e p  s t r a i n s  f o r  
th e  tim e  s t e p  A t a r e  com puted . The f lo w  and c re e p  s t r a i n s  a r e  th e n  
in p u t  i n t o  th e  s o l i d s  su b -p ro g ra m  a s  i n i t i a l  s t r a i n s .  The e q u iv a le n t  
n o d a l  f o r c e s  a r e  com puted and u s e d  a s  a  lo a d  in c re m e n t f o r  th e  n e x t  
a p p l i c a t i o n  o f  th e  s o l i d s  su b -p ro g ra m . Each a p p l i c a t i o n  o f  th e  s o l i d s  
su b -p ro g ra m  e x c e p t  f o r  th e  I n i t i a l  one r e q u i r e s  th e  fo l lo w in g :  ( 1 ) an
in c re m e n t o f  e x t e r n a l  lo a d ,  (2 ) an  in c re m e n t o f  lo a d  due to  th e  
i n i t i a l  s t r a i n  e f f e c t s  cau sed  by  th e  f lo w  and  c re e p  s t r a i n s ,
(3 ) " e q u i l ib r iu m  c o r r e c t io n "  d ue  to  f a i l u r e  to  s a t i s f y  e q u i l i b r i u m  a t  
th e  end o f  th e  p r e v io u s  tim e  s t e p ,  (4) u s e  o f  a  g e o m e tr ic  s t i f f n e s s  to  
a c c o u n t f o r  th e  s t r e s s  i n  th e  p r e v io u s  d efo rm ed  c o n f ig u r a t io n ,  and 
(5 )  up d a t e  o f  m a t e r i a l  p r o p e r t i e s  p a r a m e te r s .
The c o n f ig u r a t io n  o f  th e  s o l u t i o n  dom ain i s  m o d if ie d  u s in g  th e  
d is p la c e m e n ts  com puted by th e  s o l i d s  su b -p ro g ra m . Ih e  p r e s s u r e  s u b ­
p rog ram  u s e s  t h i s  m o d if ie d  dom ain . The i n i t i a l  v a lu e s  o f  t h e  p o re  
p r e s s u r e  f o r  t h i s  tim e  s te p  a r e  t h e  v a lu e s  o f  th e  p r e s s u r e  fro m  th e  
end  o f  th e  p r e v io u s  tim e  s te p  p lu s  th e  e f f e c t  o f  any  a d d i t i o n a l  
in c re m e n t o f  e x t e r n a l  lo a d .  T h is  ap p ro ac h  i s  r e p e a te d  f o r  th e  e n t i r e  




The d a ta  u se d  i n  d e te rm in in g  th e  s o i l  p r o p e r t i e s  was o b ta in e d
from  a  s e r i e s  o f  s o i l  t e s t s  p e rfo rm e d  in  th e  s o i l  m e ch an ic s
l a b o r a t o r i e s  a t  L o u is ia n a  S t a t e  U n iv e r s i t y .  The t e s t i n g  was s p o n so re d
by th e  L o u is ia n a  Highway D ep artm en t a s  p a r t  o f  a  p r o j e c t  w hich
in c lu d e d  th e  d e v e lo p m e n t o f  th e  com puter p rogram  d e s c r ib e d  h e r e in .
I t  was o b ta in e d  from  s p e c i a l l y  d e s ig n e d  p la n e  s t r a i n  t e s t  cham bers
w h ich  a r e  d e s c r ib e d  i n  d e t a i l  i n  R e fe re n c e  9 .
F ig u re  4 .1  ( a )  i s  a  s c h e m a tic  o f  a  p la n e  s t r a i n  s o i l  specim en
show ing  p o i n t e r s  im bedded i n  i t s  s i d e .  L a t e r a l  s t r a i n s  a r e  m easu red
from  th e s e  p o i n t e r s .  The d im e n s io n s  a  and  b a r e  2 .0  and  2 .5  in c h e s ,
r e s p e c t i v e l y .  I h e  e l e v a t i o n  o f  th e  row s o f  p o i n t e r s  fro m  th e  b o tto m
a r e ,  1 -1  a t  1 .7 5  i n . ,  2 -2  a t  1 .2 5  i n . ,  and  3 -3  a t  .7 5  i n .
L o n g i tu d in a l  s t r a i n s  a r e  m e a su re d  from  th e  lo a d in g  p l a t e s  a t t a c h e d  to
th e  to p  and  b o tto m  o f  th e  sp e c im e n . F ig u re  4 .1  (b ) show s th e
t r a n s i e n t  p o re  p r e s s u r e  d i s t r i b u t i o n ,  u ( y , t ) .  The i n i t i a l  p r e s s u r e
i s  u t  and  u ( t )  i s  th e  p r e s s u r e  a t  th e  to p  o f  th e  sp ec im en  w hich i s  o
m o n ito re d  and  r e c o r d e d .  The sp ecim en  i s  d r a in e d  th ro u g h  a  la y e re d  
sy s te m  c o n s i s t i n g  o f  a  p e r f o r a t e d  t e f l o n  s h e e t ,  s i e v e  c l o t h ,  and a  
p o ro u s  s to n e  a t t a c h e d  to  th e  b o tto m  o f  t h e  sp ec im en . The d ra in a g e  
volum e ( f l u i d  f lo w ) i s  r e c o r d e d  a s  a  f u n c t i o n  o f  t im e .





F ig u r e  4 .1  S c h e m a tic  o f  (a )  P la n e  S t r a i n  S o i l  Specim en 
W ith  P o in te r s  and  (b ) P o re  P r e s s u r e  
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F ig u r e  4*2 L o n g i tu d in a l  a n d  L a t e r a l  S t r a i n s  (From  P o i n t e r s  1 - 1 ,  
2 - 2 ,  3 -3 )  V e rs u s  Time F o r  D ra in e d  P la n e  S t r a i n  S p e c i­
men o f  G o lden  Meadow
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d a t a  f o r  th e  f i r s t  f i v e  d ay s  o f  th e  t e s t  f o r  a  sam p le  o f  s o f t ,  f a t  
c l a y  o b ta in e d  n e a r  G o lden  Meadow, L o u is ia n a ,  i t  was s u b je c t e d  to  
l a t e r a l  and  l o n g i t u d i n a l  p r e s s u r e s  o f  4 .5  and 6 .9 2  p s i ,  r e s p e c t i v e l y .  
The l o n g i t u d i n a l  s t r a i n  i s  th e  t o t a l  change i n  l e n g th  d iv id e d  by 
o r i g i n a l  l e n g t h .
In  F ig u re  4 . 3 ,  th e  l a t e r a l  s t r a i n s  a r e  d e p ic te d  f o r  th e  f i r s t  
few  h o u rs  o f  th e  t e s t .  The f i g u r e  i n d i c a t e s  an  i n i t i a l  l a t e r a l  
e x p a n s io n .  C reep  s t r a i n s  c a u se  a  c o n t in u e d  e x p a n s io n  w hich  i s  s h o r t l y  
r e v e r s e d  due to  f lo w  s t r a i n s .  The f lo w  s t r a i n s  a t  th e  3 -3  l e v e l  a r e  
f i r s t  to  r e v e r s e  th e  c r e e p  e x p a n s io n  b e c a u se  i t  (3 -3  l e v e l )  i s  n e a r e r  
th e  d r a in e d  end  o f  th e  sp e c im e n . The d i f f e r e n c e  i n  th e  s t r a i n s  a t  
th e  d i f f e r e n t  l e v e l s  i s  im p o r ta n t  i n  s e p a r a t i n g  th e  c re e p  s t r a i n s  
from  th e  f lo w  s t r a i n s .
F ig u re  4 .4  shows th e  p o re  p r e s s u r e  and  d r a in e d  w a te r  v e r s u s  tim e  
a s  p l o t t e d  d a t a .  The i n i t i a l  p r e s s u r e  in c r e a s e  i s  th e  p r e v io u s ly  
m e n tio n e d  M a n d e l-C ry e r e f f e c t .
The s o i l  p a ra m e te r s  w h ich  a r e  to  be d e te rm in e d  from  d a t a  
i l l u s t r a t e d  i n  F ig u re s  4 . 2 ,  4 . 3 ,  and  4 .4  a r e :  (1 ) Im m ed ia te  r e a c t i o n
m o d u lu s , (2 ) P o i s s o n 's  r a t i o ,  (3 ) C o e f f i c i e n t  o f  c o n s o l i d a t i o n ,  (4) 
C o e f f i c i e n t  o f  volum e c h a n g e , (5) P r e s s u r e  f r a c t i o n ,  ( 6 ) and th r e e  
c re e p  p a r a m e te r s ,  H, A, an d  B.
D a ta  A n a ly s is
In  t h i s  s e c t i o n ,  t h e  d e te r m in a t io n  o f  th e  r e q u i r e d  s o i l  p a ra m e te r s  
from  th e  p la n e  s t r a i n  t e s t  w i l l  b e  d e s c r ib e d .  The r e s u l t s  o f  a 
t y p i c a l  p la n e  s t r a i n  t e s t  ( t e s t  # 2 7 , sam p le  # c - l l >  w i l l  be  u se d  in  
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F ig u re  4 . 4  F o re  P r e s s u r e  an d  t f a t e r  C o l l e c t e d  V e rsu s  Time 
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TEST # 2 7 , SAMPLE #C -11 
VERTICAL PRESSURE «  6 .7 9  p s i  
LATERAL PRESSURE -  4 .5 0  p a l
Time
( h r s )
P o re
P r e s s u r e
( n s i )
F lu id
C o l le c te d
(m l)
L a t e r a l  S t r a i n s Long.
S t r a i n sTop M idd le B ottom
.O f 5 .0 .0 .0165 .0 1 6 9 .0 1 5 1 .0 2 2 4
.0 1 6 7 5 .2 .4 .0 2 5 9 .0 2 9 0 .0 2 7 4 .0353
.0 5 5 .3 .7 .0 3 5 2 .0 3 8 6 .0 3 4 9 .0 4 6 8
.2 1 7 5 .3 1 .2 .0 5 0 0 .0 4 9 6 .0 4 1 9 .0 5 7 3
.5 5 .1 5 2 .1 .0537 . .0 5 1 0 .0415 .0 6 2 8
1 .0 5 .1 2 .6 .0 5 3 5 .0 4 9 5 .0 3 9 1 .0 6 6 1
2 .5 4 .9 4 .3
3 .6 7 4 .0 5 .8 .0 4 4 6 .0 4 0 6 .0325 .0 7 6 6
5 .6 7 3 .4 6 .7
1 6 .7 5 3 .3 9 .5 .0 3 1 4 .0 2 9 9 .0 2 5 6 .0 9 0 4
1 7 .0 3 .3 9 .5  -
2 2 .5 3 .3 1 0 .4
2 8 .1 3 .5 1 0 .9 .0 2 9 1 .0 2 7 9 .0 2 4 4 .0 9 3 0
4 3 .7 5 3 .3 1 1 .8
5 2 .7 5 3 .4 1 1 .9 .0 2 6 1 .0 2 5 0 .0223 .0 9 8 4
TABLE 4 . 1  R e s u l t s  o f  P la n e  S t r a i n  
Test # 2 7 , Sam ple #C -11
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o f  t e s t  # 2 7 , sam ple  #C -1 1 .
The s o i l  p a ra m e te r s  can  be  d iv id e d  in t o  t h r e e  g ro u p s .  Each 
g ro u p  i s  a s s o c i a t e d  w i th  one o f  th e  fo l lo w in g  p h y s ic a l  e f f e c t s :
(1 )  Im m ed ia te  d is p la c e m e n t  due to  lo a d ,  (2 ) tim e  d e p e n d e n t s e t t l e m e n t  
d u e  to  c o n s o l i d a t i o n ,  and  (3 ) tim e  d e p e n d e n t s e t t l e m e n t  due to  c r e e p .
In  w hat f o l lo w s ,  th e  s o i l  p a ra m e te rs  r e q u i r e d  to  r e p r e s e n t  each  e f f e c t  
i s  l i s t e d  b e n e a th  th e  t i t l e d  e f f e c t .
Im m ed ia te  D isp la c e m e n t 
E , E f f e c t i v e  R e a c t io n  M odulus (F o rc e  p e r  u n i t  a r e a )
F o i s s o n 's  R a t io  (D im e n s io n le s s )
A lth o u g h , th e  s t r e s s - s t r a i n  r e l a t i o n s h i p s  f o r  th e s e  s o i l s  i n  
c o m p re ss io n  a r e  u n d o u b te d ly  n o n l i n e a r ,  a  r e a s o n a b le  a p p ro x im a tio n  can  
b e  made u s in g  a  s e c a n t  m odulus p a s s in g  th ro u g h  th e  in s ta n ta n e o u s  s t r e s s *  
s t r a i n  d a ta  p o i n t ,  p ro v id e d  th e  t e s t  s t r e s s  e n v iro n m e n t a p p ro x im a te s  
th e  a n t i c i p a t e d  s t a t e  o f  s t r e s s  c o r re s p o n d in g  to  th e  l o c a t i o n  b e n e a th  
t h e  p ro p o se d  em bankment fro m  w h ich  th e  s o i l  sam p le  was ta k e n .
T hus, th e  s t r e s s - s t r a i n  r e l a t i o n s h i p s  f o r  p la n e  s t r a i n  a r e ,
* x  = E [cxx  “ v(cry  +  CTz >I
f y  “  E [ay  ~ v(cTx  +  a z ) ]
"  E [a z  "  v(ax + ay )] -  0
E l im in a t in g  tr and s o lv in g  f o r  E and v z
v
^ x  +  a y^ ^ y  ”  c x^
E = 1 + V In " v<->, + rr j ]€ X X V
Y
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F o r t e s t  # 2 7 , i t  c a n  be  s e e n  from  T a b le  4 .1  t h a t  cr “  " 4 .5  p s i ,  
n  -  - 6 .7 9  p s i  an d  e  = - .0 2 2 4 .  F o r th e  l a t e r a l  s t r a i n ,  e  , t h e r eUy r  t y  »
a r e  t h r e e  d i f f e r e n t  v a lu e s  c o r re s p o n d in g  to  th e  t h r e e  l o c a t i o n s  a t
w h ich  th e  l a t e r a l  s t r a i n s  a r e  m e a su re d , nam ely  th e  to p ,  m id d le ,  and
b o tto m . T h is  d is c r e p a n c y  In  th e  l a t e r a l  s t r a i n s  c o u ld  be  due to  th e
n o n h o m o g e n e ity  o f  th e  sam ple  o r  end  f r i c t i o n .  T hus, a  s im p le  a v e ra g e
i s  u s e d  to  o b ta in  th e  l a t e r a l  s t r a i n ,  e  = .0 1 6 2 .'  ' x
S u b s t i t u t i n g  th e  above  v a lu e s  i n t o  th e  e q u a t io n s  f o r  £ and  ^  
y i e l d  E ~ 8 8 .0  p s i ,  ^  = .4 8 3 . S in c e  th e  d im e n s io n s  f o r  th e  embankment
a n a l y s i s  w i l l  b e  i n  f e e t ,  E = 1 2 ,3 2 0  p s f .
C o n s o l id a t io n  S e t t le m e n t  
c ^ ,  C o e f f i c i e n t  o f  C o n s o l id a t io n  ( a r e a  p e r  u n i t  tim e )
m^, C o e f f i c i e n t  o f  Volume Change ( a r e a  p e r  u n i t  f o r c e )
f ,  P r e s s u r e  F r a c t i o n  (d im e n s io n le s s )
I t  i s  assum ed t h a t  th e  p o re  p r e s s u r e  o b ey s  th e  d i f f e r e n t i a l  form  
o f  D a r c y 's  la w , t h a t  i s ,
= c  /B in  +  b2j*a 
a t  v
w here  Cy i s  th e  c o e f f i c i e n t  o f  c o n s o l i d a t i o n .  H owever, f o r  th e  
l a b o r a t o r y  t e s t  s p e c im e n , th e  f lo w  i s  e s s e n t i a l l y  o ne  d im e n s io n a l .
T h is  i s  b e c a u se  (1 )  i t  i s  i n i t i a l l y  a t  a  c o n s ta n t  p r e s s u r e ,  (2 )  i t  i s  
d r a in e d  o n ly  a t  th e  b o tto m  and  (3 )  th e  l a t e r a l  and  l o n g i t u d i n a l  
d e fo rm a tio n s  a r e  r e l a t i v e l y  s m a l l .  F o r th e s e  r e a s o n s  a  o n e ­
d im e n s io n a l  m odel u s in g  an  a v e ra g e  le n g th  i s  a  v e r y  good a p p ro x im a tio n  
o f  t h e  p o re  p r e s s u r e  d i s t r i b u t i o n  a s  a  f u n c t io n  o f  tim e  i n  th e  t e s t  
s p e c im e n . The t e s t  sp ec im en  i t s e l f  i s  m odeled  a s  a  two d im e n s io n a l  
body ; th e  f a c t  t h a t  th e  f lo w  ca n  b e  a p p ro x im a te d  by  a  one d im e n s io n a l
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m odel I s  u se d  o n ly  to  e s t im a te  th e  c o e f f i c i e n t  o f  c o n s o l i d a t i o n .
I t  was d is c o v e r e d  t h a t  th e  b o u n d a ry  c o n d i t io n  f o r  th e  d r a in e d  end
o f  th e  t e s t  sp e c im e n t was n o t  u = 0 .  T h is  i s  b e c a u s e  o f  th e  t e f l o n  .
s h e e t ,  s i e v e  c l o t h  an d  p o ro u s  s to n e  sy s te m  th ro u g h  w h ich  th e  f l u i d  m ust
p a s s  b e f o r e  i t  i s  c o l l e c t e d .  T h a t i s ,  t h i s  sy s te m  r e s t r i c t s  th e  f l u i d
f lo w , and  t h i s  ty p e  o f  r e s t r i c t i o n  i s  s i m i l a r  to  a  f i lm  c o e f f i c i e n t  i n
h e a t  c o n d u c t io n .  T h u s , an  e f f e c t i v e  " f i lm  c o e f f i c i e n t "  f o r  th e  s y s te m
was com puted a f t e r  e x p e r im e n ta l ly  t e s t i n g  th e  s y s te m . I t  was fo u n d  t h a t
th e  f i l m  c o e f f i c i e n t  f o r  th e  s y s te m  was a  f u n c t i o n  o f  th e  p r e s s u r e ,  b u t
f o r  th e  ra n g e  o f  p r e s s u r e s  to  w h ich  th e  sy s te m  w ere  n o rm a lly  s u b j e c t e d ,
i n3
a  v a lu e  o f  h  = 4 .0  was d e te rm in e d  to  be  a  good  a v e ra g e  v a l u e .
The p r e s s u r e  d a t a  shown i n  F ig u re s  4 .4  an d  4 . 6  d e p i c t s  th e  p r e s s u r e  
l e v e l i n g  o f f  a t  a  n o n -z e ro  v a l u e .  T h is  phenom ena o c c u r r e d  i n  a lm o s t  
a l l  th e  s o i l  t e s t s .  A p o s s i b l e  c a u s e  f o r  t h i s  c o u ld  b e  th e  e x i s t e n c e  
i n  th e  s o i l  o f  a  l i m i t i n g  h y d r a u l i c  g r a d i e n t .  T h a t i s ,  a  p r e s s u r e  
g r a d i e n t  b e lo w  w h ich  f lo w  d id  n o t  o c c u r .  The l i m i t i n g  h y d r a u l i c
g r a d i e n t  im p lie s  th e  e x i s t e n c e  o f  a  " f r e e  b o u n d a ry "  a t  w hich  th e
p r e s s u r e  g r a d i e n t  i s  a lw ay s  e q u a l  to  th e  l i m i t i n g  g r a d i e n t .  F o r o ne­
d im e n s io n a l  f lo w  th e  f r e e  b o u n d a ry  p ro c e e d s  from  t h e  d r a in e d  end  a t
z e ro  tim e  to  th e  u n d ra in e d  e n d . The a c t u a l  s o l u t i o n  dom ain v a r i e s  and  
i s  a lw ay s  b e tw een  th e  f r e e  b o u n d a ry  an d  th e  d r a in e d  e n d . Once th e  
f r e e  b o u n d a ry  r e a c h e s  th e  u n d ra in e d  end  th e  s o l u t i o n  dom ain re m a in s  
c o n s t a n t .  The f i n i t e  e le m e n t s o l u t i o n  f o r  a  p ro b le m  w ith  a  f r e e  
b o u n d a ry  i s  c o n s id e r a b ly  m ore d i f f i c u l t  th a n  one w i th o u t  i t  b e c a u s e  
th e  s o l u t i o n  dom ain v a r i e s .  H ow ever, f o r  th e  o n e -d im e n s io n a l  p ro b le m  
th e  f r e e  b o u n d a ry  o r  l i m i t i n g  h y d r a u l i c  g r a d ie n t  c a n  b e  r e a s o n a b ly
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a p p ro x im a te d  by  i n p u t t i n g  th e  f l u x  e q u a l  to  th e  l i m i t i n g  g r a d i e n t  a t  
th e  u n d ra in e d  end  a t  t  = 0 .  T h is  f a c t  i s  i l l u s t r a t e d  i n  F ig u re  4 .7  
w h ich  shows a  co m p ariso n  b e tw een  a  o n e -d im e n s io n a l  n o rm a liz e d  f r e e  
b o u n d a ry  s o l u t i o n  a t  th e  u n d ra in e d  end  and  th e  m id p la n e  and  an  
a p p ro x im a te  s o l u t i o n  o b ta in e d  by  i n p u t t i n g  th e  f lu x  a t  th e  u n d ra ln e d  
end a t  t  = 0 .
I t  was n o t i c e d  fro m  a v a i l a b l e  n o rm a liz e d  p l o t s  o f  th e  one 
d im e n s io n a l  te m p e ra tu re  d i s t r i b u t i o n  i n  a  p l a t e ,  w hich  obeys th e  same 
e q u a t io n  a s  th e  p o re  p r e s s u r e ,  i . e . ,
a l  = _
a t  a  a*?
t h a t  c u rv e s  c o r re s p o n d in g  to  n o rm a l iz e d  te m p e ra tu r e  (T /T 0 ) a t  x  = L 
p l o t t e d  on a  lo g a r i th m ic  s c a l e  v e r s u s  n o rm a liz e d  tim e  ( jl t/L 3 , L e q u a ls  
h a l f - t h i c k n e s s  o f  p l a t e )  p l o t t e d  on a  l i n e a r  s c a l e  f o r  v a r io u s  
n o rm a liz e d  f i l m  c o e f f i c i e n t s  (h L /a  = B ) , w ere  l i n e a r  e x c e p t  f o r  th e  
p a r t  b e tw ee n  T/To?w »9 and  T /T 0 = 1** T hese  p l o t s  a r e  f o r  p l a t e s  w i th  
sym m etry assum ed a b o u t th e  p l a t e  c e n t e r l i n e ,  th u s  th e  m id p la n e  (x  = L) 
b o u n d a ry  c o n d i t io n  i s  z e r o  f l u x .  B u t ,  n o rm a liz e d  co m p u te r s o l u t i o n s  
o b ta in e d  f o r  n o n -z e ro  f l u x  a t  th e  p l a t e  m id p la n e  w ere  d e te rm in e d  to  
a l s o  b e  l i n e a r  a t  x  = L . I f  th e  minimum te m p e r a tu r e  th e  p l a t e  m id­
p la n e  o b ta in s  i s  c a l l e d  T^, f o r  T /T 0 <  .9  th e  s o l u t i o n  f o r  x  = L 
c o u ld  b e  a p p ro x im a te d  by  a n  e x p o n e n t ia l  f u n c t i o n ,
~ ^m tw t /1 ?
- -------=f— «=* Ae , T /T0 <  .9  A, b c o n s t a n t s .
F o r a  p a r t i c u l a r  v a lu e  o f  n o rm a l iz e d  f i l m  c o e f f i c i e n t  B = hL /a»  
v a lu e s  o f  A and  b c a n  b e  d e te rm in e d  f o r  v a lu e  o f  Tm/T 0 b e tw een  z e ro  
and o ne  u s in g  no rm al " l e a s t  s q u a r e s "  c u rv e  f i t t i n g  te c h n iq u e s .
R e p e a tin g  t h i s  f o r  v a r io u s  f i lm  c o e f f i c i e n t s  r e s u l t s  i n  d e te rm in in g  A
fr e e  boundary so lu tio n
approximate so lu tio n
u n d r a i n e d  e n d
P / P o
m i d p l a n e
1 2 3
c  t /L a v
F ig u re  4 .7  C om parison  o f  F re e  B oundary S o lu t io n  to  S o lu t io n  w ith  F lu x  in  a t  End a t  t  = 0
4SUl
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and b a s  f u n c t io n s  o f  Tm/T 0 and B.
F o r th e  p r e s s u r e  i n  th e  p o ro u s  s o i l ,
I t  was i n i t i a l l y  assum ed t h a t  th e  e x p e r im e n ta l  p r e s s u r e  m easu rem en ts  
c o u ld  be  n o rm a l iz e d ,  and u s in g  th e  d a ta  f o r  w h ich  u/ uq <r . 9 ,  th e  b e s t
r e f e r  to  d a ta  c o u ld  b e  d e te rm in e d .  The v a lu e  AQ c o rre s p o n d s  to  some
n o rm a liz e d  f i l m  c o e f f i c i e n t  B0 from  w hich  &y can  b e  com puted from
hL hLB0 = —  o r  c = —  cv  v  B0
by u s in g  h = 4  and L = a v e ra g e  sp ec im en  le n g th  ^  2 .4  i n  . The
c o e f f i c i e n t  o f  c o n s o l i d a t i o n  cv  can  a l s o  be com puted by e q u a t in g  th e
e x p o n e n t ia l  c o e f f i c i e n t s
In  g e n e r a l  th e s e  two v a lu e s  o f  cv  w i l l  n o t  b e  th e  sam e. T hus, w h a t i s  
n eed ed  i s  to  d e te rm in e  th e  b e s t  l e a s t  s q u a re s  f i t  to  th e  d a t a  w hich  
a l s o  g iv e s  e q u a l  v a lu e s  o f  Cy com puted from  b o th  o f  th e  above w ays.
O r, t h i s  can  be th o u g h t  o f  a s  d e te rm in in g  th e  b e s t  l e a s t  s q u a re s  f i t  
to  th e  d a t a  w h ich  i s  a l s o  an  a p p ro x im a tio n  to  a  s o l u t i o n  o f  th e  
g o v e rn in g  d i f f e r e n t i a l  e q u a t io n .  T h is  can  b e  done i n  an  i t e r a t i v e  way 
by  p ic k in g  a  v a lu e  o f  Aq and  com pu ting  b0 f o r  th e  b e s t  l e a s t  s q u a re s  
f i t  f o r  t h a t  v a lu e  o f  Aq. Now cv  can  b e  com puted b o th  w ays. D epending  
on w hich  v a lu e  o f  cv  i s  l a r g e r ,  a  new Aj, can  be p ic k e d  e i t h e r  l a r g e r  
o r  s m a l le r  u n t i l  th o  v a lu e s  o f  Cy com puted b o th  ways a r e  a p p ro x im a te ly
l e a s t  s q u a re s  f i t  o f  th e  form  (u  -  um) / ( u 0 ”  um) = AqC o w here Aq , bQ
Ls  c  bo
o r
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e q u a l .
A num ber o f  f a c t o r s  h ave  le d  th e  a u th o r  to  q u e s t io n  th e  
e x i s t e n c e  o f  a l i m i t i n g  h y d r a u l i c  g r a d i e n t , and to  d e c id e  a g a i n s t  
t r y i n g  to  in c o r p o r a te  th e  c o n c e p t i n  t h i s  p ro g ram . They a r e :  (1 ) The
p r e s s u r e  d a t a ,  a l th o u g h  i t  g e n e r a l l y  l e v e l e d  o f f  a t  a  n o n -z e ro  v a lu e ,  
som etim es le v e le d  o f f  a b r u p t l y .  S u b s e q u e n tly  i t  g e n e r a l l y  becam e 
e r r a t i c  and o c c a s i o n a l l y  b eg an  in c r e a s in g  w i th o u t  any  a p p a r e n t  le a k  
to  c a u s e  i t .  (2 ) The l e v e l i n g  o f f  o f  th e  p r e s s u r e  g e n e r a l l y  o c c u r r e d  
b e f o r e  th e  f lo w  o r  th e  f lo w  s t r a i n s  h ad  s to p p e d .  (3 ) The e r r a t i c  
b e h a v io r  o f  th e  p r e s s u r e  a f t e r  l e v e l i n g  o f f  c o u ld  i n d i c a t e  th e  p o s s i ­
b i l i t y  o f  a  m a lf u n c t io n  o f  th e  p r e s s u r e  s e n s in g  e q u ip m e n t. (4 )  The 
p r e d ic te d  c re e p  s t r a i n s  u s in g  f lo w  p a ra m e te r s  d e te rm in e d  a ssu m in g  th e  
e x i s t e n c e  o f  a  l i m i t i n g  h y d r a u l i c  g r a d i e n t  w ere  i n  no b e t t e r  ag ree m en t 
th a n  th e  c re e p  s t r a i n s  o b ta in e d  u s in g  f lo w  p a ra m e te r s  d e te rm in e d  
a ssu m in g  no l i m i t i n g  h y d r a u l i c  g r a d i e n t .  F u r th e r ,  th e  c o m p lic a t io n s  
a r i s i n g  from  i n c o r p o r a t in g  a  l i m i t i n g  g r a d i e n t  c o n c e p t i n  th e  p ro g ram  
w ou ld  be  f o r m id a b le ,  f o r  a l th o u g h  th e  e x i s t e n c e  o f  su c h  a  g r a d i e n t  
w ould  n o t  c a u se  a p p r e c ia b le  d i f f i c u l t y  i n  th e  a n a l y s i s  o f  th e  t e s t  
sp e c im e n , i t  w ould  c o n s id e r a b ly  i n c r e a s e  th e  d i f f i c u l t y  o f  th e  a n a l y s i s  
o f  f lo w  i n  th e  f o u n d a t io n  o f  an  em bankm ent. T h is  i s  b e c a u se  th e  p r e s s u r e  
b e h a v io r  i n  th e  t e s t  s p e c im e n t can  be  a d e q u a te ly  a p p ro x im a te d  by  i n ­
p u t t i n g  a  f l u x  a t  th e  to p  o f  th e  sp e c im e n , b u t  i n  th e  two d im e n s io n a l  
p ro b le m  o f  th e  fo u n d a t io n  o f  an  em bankment th e  f r e e  b o u n d ary  h a s  to  be 
fo u n d  e a c h  tim e  in c re m e n t u s in g  an  i t e r a t i o n  te c h n iq u e .
T hus, c o n s id e r a b le  e n g in e e r in g  ju d g e m en t i s  r e q u i r e d  i n  s e l e c t i n g  
th e  p r e s s u r e  d a ta  p o in t s  w h ich  sh o u ld  be  u se d  I n  d e te rm in in g  C y. Some 
o f  th e  b a s ic  ways th e  a u th o r  u se d  to  d e te rm in e  th e  u s e f u l  p r e s s u r e  d a ta
a r c  as  f o l lo w s :
(1 ) I f  t h e r e  I s  an  a b r u p t  l e v e l in g  o f f  o f  th e  d a t a ,  t h i s  
l e v e le d  o f f  d a ta  s h o u ld  b e  ig n o r e d .
(2) I f  th e  l e v e l i n g  o f f  a t  some n o n -z e ro  p r e s s u r e  i s  n o t  
a b r u p t ,  th e n  th e  t im e  a t  w h ich  th e  flo w  and  flo w  
s t r a i n s  s to p  can  b e  u se d  as  a  d a t a  p o in t  f o r  a  s m a l l  
( n o t  z e ro )  p r e s s u r e  v a lu e ,  i . e . ,  u  s  .0 1  p s i .
(3 ) F ig u re  4 .8  i s  a  n o rm a l iz e d  p l o t  o f  a  one-D  s o l u t i o n  
to  D a rc y 's  law . The p r e s s u r e  d a t a  t h a t  i s  u se d  to  
d e te rm in e  c s h o u ld  fo l lo w  a  sm ooth  c u rv e  o f  s i m i l a r  
s h a p e . The c i r c l e d  p o in t s  a r e  p o in t s  from  u /u D *
Aeb<W L!! and  d e m o n s t r a te  th e  e x p o n e n t ia l  n a t u r e  o f  
th e  s o l u t i o n  f o r  u / u 0 <  .9 .
Once th e  u s e f u l  d a ta  p o i n t s  h av e  b e e n  s e l e c t e d ,  a  d a t a  a n a l y s i s  
p ro g ram s CONS, i s  u se d  to  p e r fo rm  th e  i t e r a t i v e  c a l c u l a t i o n s  to  
d e te rm in e  c v . The f o l lo w in g  i s  a  d e s c r i p t i o n  o f  th e  in p u t  to  p ro g ram  
CONS.
(1 ) H ead ing  C ard (2 0 M )
(2 ) P a ra m e te r  C ard  ( I l o ,  4 F 1 0 .0 )
C o ls  1 -1 0  Number o f  D a ta  P o in ts
1 1 -2 0  I n i t i a l  P r e s s u r e  
21 -3 0  Minimum P r e s s u r e  
3 1 -4 0  F ilm  C o e f f i c i e n t  
4 1 -5 0  A v e rag e  Specim en L en g th
Minimum P r e s s u r e  s h o u ld  b e  z e ro  f o r  no l i m i t i n g  h y d r a u l i c
g r a d i e n t .  An a v e ra g e  f i l m  c o e f f i c i e n t  f o r  th e  p o ro u s  s to n e  i s  
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by ex am in in g  l o n g i t u d i n a l  s t r a i n  d a t a .
(3 ) P r e s s u r e  D a ta .  One c a rd  f o r  e a c h  d a t a  p o in t
(2 F 1 0 .0 )
C o ls  1 -1 0  Time (H rs)
1 1 -2 0  P r e s s u r e  ( p s i )  o r  (nscm )
The o u tp u t  from  t h i s  p ro g ram  c o n s i s t s  o f  a  d e s c r i p t i v e  h e a d in g ,  a 
l i s t i n g  o f  th e  i n p u t ,  t h e  v a lu e  o f  cv> and  a  h ig h  sp e e d  p r i n t e r  p lo t  
o f  th e  d a t a  p o in t s  u /u o  ~ A e ^ ^ t /L 2 t w h ere  A and b a r e  d e te rm in e d  by 
th e  b e s t  l e a s t  s q u a re s  f i t  to  th e  d a t a  w h ich  i s  a l s o  an  a p p ro x im a tio n
an = c sly.
S t
I t  i s  s u g g e s te d  t h a t  s e v e r a l  d i f f e r e n t  s e t s  o f  d a t a  be u sed  to  
d e te rm in e  cv , and  t h a t  by exam in ing  th e  p l o t s  th e  b e s t  v a lu e  can  be 
d e te rm in e d .
F o r t e s t  #27 th e  p r e s s u r e  d a ta  t h a t  i s  u sed  to  d e te rm in e  cv  i s  
4 .9  p s i  @ 2 .5  h r s ,  4 .0  p s i  @ 3 .6 7  h r s ,  3 .4  p s i  @ 5 .6 7  h r s ,  and  .0 1  p s i  
@ 5 5 .0  h r s .  The v a l u e  o f  cv  as  d e te rm in e d  from  th e s e  d a ta  p o in t s  was
in 2
v  "  Hr*c „  = .2 5
The p r e s s u r e  f r a c t i o n  i s  a p a r a m e te r  f o r  d e te rm in in g  i n i t i a l
e x c e s s  p o re  p r e s s u r e  d ue  to  a p p l i c a t i o n  o f  lo a d .  I t  i s  d e te rm in e d
fro m  th e  i n i t i a l  p o re  p r e s s u r e ,  u Q, and  th e  i n i t i a l  s t r e s s e s  (j and
rr , and i s  g iv e n  by 
y  2u0
The M an d e l-C ry e r e f f e c t  c a u se s  a  d e l a y  from  th e  a p p l i c a t i o n  o f  
th e  lo a d  to  th e  o c c u r r e n c e  o f  uQ. In  g e n e r a l  u Q i s  ta k e n  a s  th e
maximum v a lu e  o f  th e  p r e s s u r e  c u rv e . F o r  t e s t  # 2 7 , uD = 5 .3  pB i and
n x = (Ty  “ 6 .7 9  p s i  and t h e r e f o r e  f  -  .9 3 8 .
The c o e f f i c i e n t  o f  volum e c h an g e , m^, can  be  d e te rm in e d  by uB ing
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th e  p ro g ram  a f t e r  E , v , cv  and  f  h av e  b een  d e te rm in e d  and by n e g l e c t ­
i o
in g  c r e e p .  An e s t i m a t e  i s  made f o r  my Ttie p ro g ram  p r i n t s
th e  volum e ch an g e  in  m i l l i l e t e r s  o f  th e  t e s t  sp ec im en  due to  
c o n s o l i d a t i o n  a f t e r  each  tim e  s t e p .  I t  i s  assum ed t h a t  th e  volum e 
change due to  c o n s o l i d a t i o n  i s  due e n t i r e l y  to  f l u i d  l o s s .  A ls o ,  th e  
am ount o f  f l u i d  lo s s  f o r  a  g iv e n  tim e  i n t e r v a l  i s  d i r e c t l y  p r o p o r t i o n a l  
to  my . T h u s , know ing th e  vo lum e ch an g e  a s  a  f u n c t io n  o f  tim e  f o r  th e  
e s t i m a t e  o f  th e  my c o r re s p o n d in g  to  th e  a c t u a l  f l u i d  l o s s  can
i n2
be com p u ted . F o r t e s t  # 2 7 , u s in g  an  e s t i m a t e  f o r  niy o f  .0 2  
th e  vo lum e ch an g e  a f t e r  340 m in u te s  i s  1 0 .8 5  m l. The f l u i d  lo s s  a f t e r  
340 m in u te s  from  T a b le  4 .1  i s  6 .7  m l. The a c t u a l  c o e f f i c i e n t  o f  
volum e ch an g e  c a n  b e  com puted  by
mv  .0 2
6 .7  1 0 .8 5
o r
niy = .0 1 4 2  i n 2 / l b
C reep  S e t t le m e n t
(
' -rS A +  1 1 R  +  l \
(~p) (” ) ) ,  L = l e n g th ,
F = f o r c e ,  t  = t im e
A, C reep  Law C o n s ta n t ( d im e n s io n le s s )
B, C reep  Law C o n s ta n t ( d im e n s io n le s s )
The c re e p  s e t t l e m e n t  i s  b a se d  o n  a n  e m p i r ic a l  r e l a t i o n ,
A (eI = H^ i  " C73 ) AtB [C] {aI A t,  w h ere  £{c | 
i s  an  in c re m e n t o f  th e  c re e p  s t r a i n  v e c t o r  a s s o c i a t e d  w ith  an  
in c re m e n t i n  tim e  A t,  cra a r e  p r i n c i p a l  s t r e s s e s ,  jrr} i s  th e
s t r e s s  v e c t o r ,  and H, A, and  B a r e  m a t e r i a l  p r o p e r t i e s  p a r a m e te r s .
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The m a tr ix  [C] r e p r e s e n t s  th e  s t r a i n - s t r e s s  m a t r ix ,  f o r  p la n e  s t r a i n  
w ith  E = 1 .0  and v  •= .5  and r e q u i r e s  no in p u t  by th e  u s e r .  T h a t i s ,
.75 - .7 5 0
[C] = - .7 5 .7 5 0
„ 0 0 3 .
Now f o r  s m a l l  v a lu e s  o f
4 i i U  ( c l  = Hfo, -  a 3 A B r c l l a l '
The x and  y com ponents o f  t h i s  e q u a t io n  can  b e  w r i t t e n  a s  
d ^
— = . 75H(rr, — ry_ ) (rr “ r.d t  - 5 1 ^  - a 2 A c x - <j ) t B
dC v A B X ^
d t  = - .7 5 H (a i  -  a 3 )  ( a x  -  O y ) t  =  -  - J t
D u rin g  a  p la n e  s t r a i n  t e s t  Oi > cra > a  an<* cr a r e  v e ry  n e a r l yx  y
c o n s ta n t .  T hus, a f t e r  i n t e g r a t i o n  th e  fo l lo w in g  form  i s  o b ta in e d ,
= .75H  ,  .A , _ . B +  1 =
B +  1 CT1 a x  a y^ Cy
w hich  i s  o f  th e  fo rm ,
-  h * * *  =
w here
\  = i r + \  "  o s )A<ax "  a y> ’ ^  -  B +  1 .
The t o t a l  tim e  d e p e n d e n t s t r a i n s  d u r in g  a  p la n e  s t r a i n  t e s t  a r e  a 
c o m b in a tio n  o f  th e  c o n s o l i d a t i o n  s t r a i n s  and  th e  c r e e p  s t r a i n s .  T hus, 
th e  d i f f e r e n c e  b e tw ee n  th e  t o t a l  m e asu re d  s t r a i n s  and  th e  c o n s o l i d a t i o n  
s t r a i n  a s  p r e d i c t e d  by  th e  co m pu ter p ro g ram  u s in g  th e  p r e v io u s ly  
d e te rm in e d  c o n s o l i d a t i o n  p a ra m e te r s  g iv e s  th e  p r e d i c t e d  c re e p  s t r a i n s .  
These p r e d i c t e d  c re e p  s t r a i n s  a r e  com puted and  p l o t t e d  by  th e  co m pu ter 
p rogram  and t h i s  i s  d e s c r ib e d  in  d e t a i l  in  A ppend ix  A. The c re e p
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s t r a i n s  t h a t  a r e  com puted and  p l o t t e d  a r e  th e  t h r e e  l a t e r a l  c re e p  
s t r a i n s  m easu red  a t  th e  t h r e e  l a t e r a l  p o in t e r s  and th e  l o n g i t u d i n a l  
c re e p  s t r a i n .  The p l o t t i n g  sym bols a r e  L f o r  l o n g i t u d i n a l  s t r a i n ,  T 
f o r  to p  l a t e r a l  s t r a i n ,  M f o r  m id d le  l a t e r a l  s t r a i n  and B f o r  b o tto m  
l a t e r a l  s t r a i n .  In  b o th  t h i s  p l o t  and i n  c u rv e  f i t t i n g  t h i s  d a t a  to  
a  c u rv e  o f  th e  form  ^ = K j t ^  th e  n e g a t iv e  o f  th e  l o n g i t u d i n a l  c re e p  
i s  u s e d . The c u rv e  f i t t i n g  i s  a c c o m p lish e d  u s in g  CREEP, a  s im p le
l e a s t  s q u a re s  c u rv e  f i t t i n g  p ro g ram .
The in p u t  to  p ro g ram  CREEP i s  a s  fo l lo w s :
(1 ) H ead ing  C ard  (20AA)
(2) P a ra m e te r  C ard  (1 1 0 , 2 F 1 0 .0 )
C o ls  1 -1 0  Number o f  d a ta  p o in t s
11 -2 0  Number o f  h o u rs  p e r  in c h  o f  p l o t  (12 in c h e s  m ax .)
2 1 -3 0  Amount o f  s t r a i n  p e r  in c h  o f  p l o t  (9  in c h e s  m ax.)
(3 ) D ata  C ard (2 F 1 0 .0 ) .  One c a r d  f o r  eac h  d a t a  p o i n t .
C o ls  1 -1 0  Time (H rs)
11-20  S t r a i n  ( i n / i n )
The o u tp u t  from  th e  p ro g ram  c o n s i s t s  o f  th e  h e a d in g ,  a  l i s t i n g  o f  th e  
in p u t  d a t a ,  th e  c o n s ta n t s  and  Kg , and  p l o t  o f  f  “  Kj t*^ a l s o  show ing
th e  d a ta  p o i n t s .  F o r t e s t  # 2 7 , 44 d a t a  p o in t s  w ere  u se d  and  th e  
r e s u l t s  w ere  Kj = .0 3 5 1 9 , = .0 6 1 9 6 . F ig u re  4 .9  i s  a  g r a p h ic a l
r e p r e s e n t a t i o n  o f  th e  d a t a  and  e = ,0 3 5 1 9 t* ^6196^ i t  sh o u ld  b e  n o te d  
t h a t  i n  t h i s  c a s e  th e  b e s t  l e a s t  s q u a re  f i t  o f  th e  d a ta  o f  th e  form  
e = Kj^  t ^  i s  a l s o  a good r e p r e s e n t a t i o n  o f  an  e x t r a p o l a t i o n  o f  th e  d a ta  
beyond th e  l a s t  d a t a  p o i n t .  T h is  may n o t  b e  so  i n  a l l  c a s e s .  F o r 
th e s e  c a s e s  i t  i s  s u g g e s te d  t h a t  o n ly  th e  l a t t e r  c r e e p  s t r a i n s  b e  u se d  
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F ig u re  4 .9  C reep  S t r a i n s  f o r  T e s t #27
Ln4*
a p p ro x im a te d .
The p a ra m e te r  B i s  now d e te rm in e d  from  K, = B +  1 a s  B = - .9 3 8 0 4 .  
Tlie p a r a m e te r  A can  be d e te rm in e d  by  p e r fo rm in g  a t  l e a s t  two t e s t s  on 
th e  sam e m a te r i a l  u s in g  d i f f e r e n t  B t r e s s  l e v e l s .  T h u s, from  th e  two 
t e s t s  t h e r e  a r e  ^  1 from  t e a t  1 and  K j/’, Kj," from  t e s t  2 and
ir i _ »75 H / i _ i \ A . t iv
K ' y*2
v ii = •75H / n _ _ ri _ „ ir-iKI “ cra ) Ccrx  -  a y  )
E l im in a t in g  H and s o lv in g  f o r  A 
* ^  x  yIn
A = —
If II V H _  '  _  _  '
n. ^3 CTX g y  .
In fa i  ' “ ° s  ' 1 ** _ k I
Ipl g3 J
H ow ever, o n ly  one t e s t  p e r  m a t e r i a l  was p e rfo rm e d  i n  th e  t e s t  d a t a  
a v a i l a b l e .  T hus, th e  p a ra m e te r  A c o u ld  n o t  b e  d e te rm in e d  and f o r  
p u rp o s e s  o f  i l l u s t r a t i n g  th e  p ro g ram  o u tp u t ,  A w i l l  b e  s e t  e q u a l  to  
1 .0 .
The p a ra m e te r  H can  now be com puted b y ,
H =
■75 K  " cra ) fo -  c t )
= ( .0 3 5 1 9 ) ( .  06196)
( .7 5 ) ( - 4 . 5  +  6 . 7 9 ) ( - 4 .5  +  6 .7 9 )
-  .000555  f ^ ) 2 ^ ) - 06196 .
S in c e  th e  in p u t  to  th e  p ro g ram  f o r  th e  embankment a n a l y s i s  i s  i n  f e e t ,  
H b eco m es,
u  -  o to  ■~ " 3 'f t ^ v 2 / 1 ^ 06196 H = 2 .6 8  x  10 ( - j £ )  ( ^ )
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D ata  E v a lu a t io n
E v a lu a t io n  o f  th e  m a t e r i a l  p r o p e r t i e s  d e te rm in e d  in  th e  p re v io u s  
s e c t i o n  i s  a cc o m p lish e d  by com paring  th e  l a b o r a to r y  te sL  m easurem en ts 
w ith  a f i n i t e  e le m e n t s im u la t io n  u s in g  th e  d e te rm in e d  p r o p e r t i e s .
F ig u re  4 .1 0  i s  a  p l o t  o f  m easu red  and s im u laL ed  s t r a i n s  v e r s u s  
tim e  f o r  th e  p la n e  s t r a i n  t e s t  # 2 7 , sam p le  #C -11 . The s im u la te d  and 
m easured  s t r a i n s  a r e  i n  good ag ree m en t f o r  th e  f i r s t  10 h o u r s .  A f te r  
t h i s ,  th e  com puted l a t e r a l  s t r a i n s  a p p ro a c h  a common v a lu e  w h ereas  
th e  m easured  l a t e r a l  s t r a i n s  rem a in  a t  s l i g h t l y  d i f f e r e n t  v a l u e s .
T h is  co u ld  be due to  sp ec im en  n o n -h o m o g en e ity .
F ig u re  4 .1 1  i s  a p l o t  o f  m easu red  and s im u la te d  flo w  and p o re  
p r e s s u r e  a t  th e  to p  o f  th e  sp ec im en . The m easu red  p o re  p r e s s u r e  l e v e l s  
o f f  a t  a b o u t 3 .4  p s i .  I f  t h i s  l e v e l i n g  o f f  was due to  a  l i m i t i n g  
h y d r a u l i c  g r a d i e n t  i t  s h o u ld  n o t  h av e  o c c u r re d  so  a b r u p t l y  and  th u s ,  
m ig h t p o s s i b ly  be cau sed  by a  c lo g g ed  p r e s s u r e  s e n s o r ,  o r  to  th e  n o n - 
c l a s s i c a l  b e h a v io r  a s s o c i a t e d  w ith  s e c o n d a ry  c o n s o l i d a t i o n  o f  o rg a n ic
1 4s o i l s .  * A ls o , i t  can  be  n o t i c e d  t h a t  th e  d r a in a g e  c o n t in u e s  f o r  a
lo n g  p e r io d  a f t e r  th e  p o re  p r e s s u r e  h a s  l e v e le d  o f f .  H ie m easu red  
p r e s s u r e  v a lu e s  a f t e r  th e  3 .4  p s i  a t  5 .6 7  h r s .  d a t a  p o in t  w ere  ig n o re d  
i n  d e te rm in in g  th e  c o e f f i c i e n t  o f  c o n s o l i d a t i o n  w h ich  p ro d u c e d  th e  
s im u la te d  p o re  p r e s s u r e  c u rv e .
F ig u re  4 .1 2  d e p i c t s  s im u la te d  c o n f ig u r a t io n  o f  one h a l f  o f  th e  
t e s t  specim en  f o r  d i f f e r e n t  tim e s  and  i s  p r e s e n te d  to  i l l u s t r a t e  th e  
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□  M easured  Flaw2 .0  -
O M easured  P o re  P r e s s u r e
Computed V a lu es
1.0 .
10 20 Time (H rs) 30 40 50
F ig u re  4 .1 1  M easured and  S im u la te d  (Computed) P o re  P r e s s u r e  and F lu id  Flow f o r  T e s t # 27 , 















(a )  (b )  (c )
U n lo a d e d , T = 0“  Im m ed ia te  o r  I n i t i a l  T ■ 1 H r.
L oaded S h a p e , T ■ 0+
I
(d)
=» 5 H rs .
(e )
T *  14 H rs .
( f )
T ■ 61 H rs .
F ig u re  4 .1 2  Time S eq u en ce  P l o t s  o f  Com puter
S im u la t io n  o f  T e s t Specim en o f  C o n f ig u r a t io n s
CHAPTER V
SOIL PROGRAM
C a p a b i l i t i e s  and L im i t a t i o n s
The b a s ic  e le m e n ts  u se d  in  th e  p ro g ram  a r e  th e  q u a d r a l a t e r a l  
com posed o f  f o u r  c o n s t a n t  s t r a i n  t r i a n g l e s  f o r  th e  s t r e s s  a n a l y s i s  su b ­
p ro g ram  and th e  q u a d r a l a t e r a l  com posed o f  f o u r  l i n e a r  p r e s s u r e  
t r i a n g l e s  f o r  th e  p o r e  p r e s s u r e  s u b -p ro g ra m .
The p ro g ram  a s  w r i t t e n  i s  a  f l e x i b l e  co m p u tin g  t o o l .  A lth o u g h  
i t  i s  d e s ig n e d  to  h a n d le  o n ly  p la n e  s t r a i n  p ro b le m s , o n ly  a  m in o r 
m o d i f i c a t io n  w ould  b e  n e e d e d  to  u s e  i t  f o r  p la n e  s t r e s s  p ro b le m s . I t  
c a n  b e  u se d  to  a n a ly z e  s e p a r a t e l y  e i t h e r  s t r e s s  o r  t r a n s i e n t  p o re  
p r e s s u r e  ( d i f f u s i o n  e q u a t io n )  d i s t r i b u t i o n .  I t s  s t r e s s  a n a l y s i s  
s e c t i o n  can  be  u s e d  f o r  l i n e a r  o r  non  l i n e a r  ( l a r g e  d is p la c e m e n ts )  
a n a l y s i s .  I n c r e m e n ta l  lo a d in g  f o r  l a r g e  d is p la c e m e n t  p ro b lem s ca n  
be  h a n d le d  u s in g  p su ed o  tim e  s t e p s .  E q u i l ib r iu m  c o r r e c t i o n  c a n  be 
u s e d  a s  in d i c a t e d  i n  F ig u r e  3 .4 .  More th a n  on e  e q u i l i b r i u m  c y c le  p e r  
s t e p  c a n  b e  u se d  a s  s k e tc h e d  i n  F ig u re  3 .2  b y  u s in g  p su ed o  o r  z e ro  
t im e  s t e p s .  The i n c l u s i o n  o f  c re e p  i s  a l s o  o p t i o n a l .  I f  th e  p o re  
p r e s s u r e  s e c t i o n  i s  u s e d  s e p a r a t e l y  th e  i n i t i a l  n o d a l  v a lu e s  can  b e  
in p u t .
The a c c u ra c y  o f  th e  p ro g ram  i s  l i m i t e d  d ue  to  th e  u s e  o f  s i n g l e  
p r e c i s i o n  c o m p u ta tio n  w h ich  i s  n e c e s s i t a t e d  du e  to  s to r a g e  l i m i t a t i o n s  
o f  th e  L .S .U . IBM 3 6 0 -6 5  c o m p u te r . E x p e r ie n c e  w ith  th e  two i n d i v id u a l
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p rog ram s from  w hich  th e  p ro g ram  was fo rm ed  I n d i c a t e s  s i n g l e  p r e c i s i o n  
s o lu t i o n s  to  b e  i n a c c u r a t e  i n  some c a s e s .  W ith th e  r e p e a te d  s o l u t i o n  
te c h n iq u e  em p lo y ed , i t  i s  e x p e c te d  t h a t  t h e r e  i s  c o n s id e r a b le  round  
o f f  e r r o r  i n  th e  s t r e s s  a n a l y s i s  su b -p ro g ra m  and  som ew hat l e s s  i n  th e  
p r e s s u r e  s u b p r o g r a m .
I n p u t  O p tio n s
T h ere  a r e  t h r e e  b a s i c  in p u t  o p t i o n s .  The f i r s t  o p t io n  i s  f o r  a l l
d a ta  to  b e  in p u t  by th e  u s e r .  T h is  o p t io n  i s  f o r  s p e c i a l  p u rp o se
p ro b le m s . The seco n d  o p t io n  i s  f o r  a n a l y s i s  o f  a  p la n e  s t r a i n  t e s t
sp ec im en . I f  t h i s  o p t io n  i s  s e l e c t e d ,  th e  n o d a l  and  e le m e n t d a t a  f o r
one h a l f  o f  a  2 .0  i n  w id e  by 2 .5  i n  h ig h  sp ec im en  i s  i n t e r n a l l y
g e n e r a te d .  The v e r t i c a l  and h o r i z o n t a l  p r e s s u r e s  a r e  c a l c u l a t e d  from
th e  a i r  p r e s s u r e  and w e ig h t  on  th e  lo a d in g  p la t f o r m .  The f i lm
c o e f f i c i e n t  b o u n d a ry  c o n d i t io n  i s  e s t a b l i s h e d  a lo n g  th e  b o tto m  o f  th e
sp ec im en  and  th e  f l u x  b o u n d a ry  c o n d i t io n  ( i f  t h e r e  i s  a  l i m i t i n g
h y d r a u l i c  g r a d i e n t )  i s  e s t a b l i s h e d  a lo n g  th e  to p  o f  th e  sp e c im e n .
O p tio n  t h r e e  i s  f o r  th e  s ta n d a r d  a n a l y s i s  o f  em bankm ents o v e r
s a t u r a t e d  s o i l s .  I t  a ssum es th e  em bankment and  fo u n d a t io n  to  be
sy m m etric  a b o u t th e  em bankment c e n t e r l i n e .  T h is  o p t io n  g e n e r a te s  a
f i n i t e  e le m e n t mesh f o r  th e  em bankment f o u n d a t io n .  The m esh i s  s c a le d
a c c o rd in g  to  th e  l e n g th  o f  th e  f o o t  o f  th e  em bankm ent. The mesh w id th
and d e p th  a r e  4 .8  and  1 0 .0  t im e s  th e  le n g th  o f  th e  em bankm ent f o o t ,
r e s p e c t i v e l y .  T hese  v a lu e s  h av e  b een  d e te rm in e d  to  b e  a d e q u a te  from
2
w ork done by D e sa i and  A b e l.  F ig u re s  5 .1  an d  5 .2  d e p i c t  th e  s ta n d a r d  
mesh n o d a l  and  e le m e n t n u m b e rin g s .
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The f i r s t  c h o ic e  i s  f o r  a  s ta n d a r d  c o n f ig u r a t io n  em bankm ent a s  shown 
i n  F ig u re  5 .3  ( a ) .  The th r e e  d im e n s io n s  H, F , and  C n eed  o n ly  be  
in p u t  an d  th e  n o d a l  and  e le m e n t d a t a  i s  g e n e ra te d  by th e  p ro g ram . The 
seco n d  c h o ic e  i s  f o r  a  s ta n d a r d  c o n f ig u r a t io n  em bankm ent w i th  a  berm  
as  shown i n  F ig u re  5 .3  ( b ) .  H e re , o n ly  th e  d im e n s io n s  H, F, C, T, L, 
and  E n eed  be i n p u t .  The t h i r d  c h o ic e  i s  f o r  an  em bankment c o n f ig u r a ­
t i o n  o th e r  th a n  th e  two shown i n  F ig u re  5 . 3 .  F o r t h i s  c h o ic e  th e  
em bankment n o d a l and  e le m e n t d a t a  m ust be  in p u t  b y  th e  u s e r .
The m a te r i a l  p r o p e r t i e s  f o r  th e  s ta n d a r d  mesh a r e  in p u t  f o r  th e  
e le m e n ts  a lo n g  th e  c e n t e r l i n e  f o r  w hich  th e y  a r e  know n. F or th e  e le m e n ts  
f o r  w h ich  th e  p r o p e r t i e s  a r e  n o t  know n, th e y  ( th e  p r o p e r t i e s )  a r e  
assum ed  to  v a ry  l i n e a r l y  b e tw een  th e  known v a l u e s .  The m a t e r i a l  
p r o p e r t i e s  a r e  a l s o  assum ed to  b e  c o n s ta n t  in  h o r i z o n t a l  l a y e r s .
The in p u t  o p t io n s  a r e  d e s c r ib e d  i n  d e t a i l  i n  A ppend ix  A.
Examples o f  Program Output
The p rogram  o u tp u t  c o n s i s t s  o f  n u m e r ic a l  d a t a  d e s c r ib i n g  n o d a l 
d is p la c e m e n ts  and  e le m e n t s t r e s s e s  f o r  e a c h  tim e  s t e p ,  and n o d a l 
p r e s s u r e s  f o r  e a c h  t im e  in c re m e n t ( i f  d e s i r e d ) .  M ore u s e f u l  o u tp u t ,  
h o w ev e r, i s  p r e s e n te d  p i c t o r a l l y  by co m p u te r p l o t s .  T hese p l o t s  
c o n s i s t  o f  th e  p a r t  o f  th e  s ta n d a r d  m esh w here  th e  d is p la c e m e n ts  and 
s t r e s s e s  a r e  o f  i n t e r e s t  and th e  em bankm ent. The f i r s t  two p l o t s  
d e p i c t  th e  n o d a l  and  e le m e n t n u m b e rin g s  an d  th e  I n i t i a l  c o n f ig u r a t io n .  
T h is  i s  fo llo w e d  b y  t h r e e  p l o t s  f o r  e a c h  s t e p .  The f i r s t  o f  th e  t h r e e  
d e p i c t s  th e  defo rm ed  c o n f ig u r a t io n  and  th e  seco n d  and  th e  t h i r d  d e p i c t  
th e  v e r t i c a l  n o rm a l s t r e s s  and  maximum s h e a r  s t r e s s ,  r e s p e c t i v e l y ,  a t  
th e  c e n t r o id  o f  e a c h  e le m e n t .
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<---------------------  C  »
(a )
(b )
F ig u re  5 .3  (a )  S ta n d a rd  Embankment
(b )  S ta n d a rd  Embankment w ith  Berm
Exam ples o f  th e  co m p u te r p l o t s  a r e  p r e s e n te d  f o r  two embankment 
c o n f i g u r a t i o n s .  The m a t e r i a l  p r o p e r t i e s  f o r  th e  fo u n d a t io n  a r e  f o r  
s o i l  n e a r  R a c e la n d , L o u is ia n a  and  w ere  d e te rm in e d  from  t e s t i n g  sam p les  
a s  p a r t  o f  th e  w ork d e s c r ib e d  i n  R e fe re n c e  1 0 . T a b le  5 .1  shows th e  
m a t e r i a l  p r o p e r t i e s  d e te rm in e d  f o r  f o u r  sam p le s  n e a r  R a c e la n d , p lu s  
p r o p e r t i e s  assum ed f o r  d e p th s  g r e a t e r  th a n  th e  d e e p e s t  t e s t .  Assumed 
em bankment p r o p e r t i e s  a r e  a l s o  l i s t e d .
F ig u re s  5 .4  th ro u g h  5 .9  a r e  co m p u te r p l o t s  o f  embankment 
c o n f ig u r a t io n s  and  s t r e s s  s t a t e s  f o r  th e  im m ed ia te  r e s p o n s e  and  th r e e  
s e l e c t e d  tim e s  f o r  a  s ta n d a r d  c o n f ig u r a t io n  em bankment w ith  d im en s io n s*
H = 6 .4  f t ,  F = 2 7 .5  f t ,  and C = 2 0 .0  f t .  F ig u re s  5 .9  th ro u g h  5 .1 5  
a r e  com pu ter p l o t s  f o r  a  d i f f e r e n t  c o n f ig u r a t io n  embankment o v e r  th e  
sam e f o u n d a t io n .  T h is  em bankm ent h a s  a  f o o t  l e n g th  o f  112 f t  and  
maximum h e i g h t  o f  1 1 .5  f t .  F o r t h i s  em bankm ent, th e  assum ed m a t e r i a l  
c r e e p  p a ra m e te r  A = 1 .0  gave  u n s t a b l e  r e s u l t s ,  and  so  a v a lu e  o f  A = .0 1  
was u s e d .  The u s e  o f  t h e  s m a l l e r  v a lu e  o f  th e  p a ra m e te r  A im p l ie s  l e s s  
d ep en d e n ce  o f  th e  c re e p  s t r a i n  on  th e  maximum s h e a r in g  s t r e s s .
A lth o u g h  th e  d e p e n d e n c e  o f  th e  c re e p  s t r a i n  on th e  maximum s h e a r in g  
s t r e s s  i s  n o t  b e l i e v e d  to  b e  t h e  c a u s e  o f  th e  i n s t a b i l i t y ,  t h i s  was 
done  m e re ly  to  p r e s e n t  a n o th e r  exam ple o f  th e  co m p u te r o u tp u t .  The 
a c t u a l  r e a s o n  f o r  th e  i n s t a b i l i t y  i s  b e l ie v e d  to  b e  th e  l a r g e  c re e p  
s t r a i n  o b ta in e d  f o r  th e  f i r s t  t im e  s t e p .  T h is  phenom ena i s  
d e m o n s tra te d  i n  F ig u re  4 .9  and i s  p ro b a b ly  c a u s e d  from  t e s t i n g  th e  s o i l  
sam p le s  o b ta in e d  n e a r  R a c e la n d  w i th  a n  i n i t i a l  s t r e s s  s t a t e  much l e s s  




( f t )
T e s t
No.
£
( l b / f t 2 )
V
( f t  / h r . ) ( f t ^ / l b . )
F H
( f t 2/lb )M -l
( h r s . )
A B
C-18 3 -6 30 9550. .492 4.38X10“ * 3.58X 10"4 .997 1.84X 10-8 1 .0 - .9 8 2 5
0 3 8 15-18 38 12100. .4 4 0 4.86X10-3 2.15X10""* .562
-8
1.84X10 1 .0 - .9 8 2 5
O i l 30-33 27 12300. .483 1.79X10’ 3 9 .86X 10"5 .938 5.36X 10"8 1 .0 - .9 3 8
0 2 9 36-39 31 44900 . .4 8 1 3.47X10-3 7.78X 10” 5 .655 2.22X10**8 1 .0 - .8 8 0 1 5
* 55 72000. .4 8 1 3.47X10-3 7.78X10” 5 .655 2.22X 10“ ® 1 .0 - .9 5
* 275- 288000. .481 3.47X10” 3 7 .78X 10"5 .655 2.22X10-8 1 .0 - .9 5
** 30000. .4 9 0 .1 io “15 0 .0 IQ "20 1 .0 - .9 9 9
*Assumed p a ra m e te r s  f o r  d e p th s  g r e a t e r  th a n  d e e p e s t  t e s t  
**Assumed embankment p a ra m e te rs
T ab le  5 .1  S o i l  P a ra m e te rs  Used in  A n a ly ses  o f  T e s t  S e c t io n
TIME D . 00 MON THS
SCRLE 1 1N.= 9. 17 FEET
40? 403 484 <483 406 48? 488 } \ M
33? 183 384 386 386 337 338 333 4 0 0 » U
381 18? 383 384 383 IBS 387 388 183 130 191 180 187 IS? 335 115 ?7?
366 363 n o 37] 37? 373 374 376 378 377 378 178 366 361 334 116 ?34
353 334 133 338 357 356 355 360 361 38? 353 364 355 350 333 314 77]
336 331 138 338 348 34) 34? 341 344 345 745 347 365 343 33? 313 ?8?
3)7 318 319 i? a i ? i 3 # 1?3 1J4 V i V i V I 1?8 313 330 131 11? n o
?3B ?87 ?88 ?88 380 301 38? 303 304 305 108 307 , 105 3G3 7)0 I l l ?90
7 H ?74 ?75 ?76 ?77 SIB ?78 ?BQ SB) SB? SQ3 ?B4 S65 ?65 SB7 ?85 759
3S3 H I ssq H i 350 3S7 358 953 730 3EI 3GJ 3E3 3EU 3E5 SEE 3E7 7ES
139 399 321 32? 331 ?3U 335 31E 317 313 310 340 3U1 343 3U1 344 3UE 34E
F ig u re  5 .4  N odal P o in t  Numbering and  U nloaded C o n f ig u ra t io n  o f  T e s t Embankment
T I M E  0 . 0 0  M O N T H S






Figure 5 .5  Element Numbering fo r Test Embankment
O'to
T I M E  D . QQ MO N T HS
S C A L E  1 I N . -  9 . 1 7  F E E T
Figure 5* 6a T est Embankment Immediately A fter C onstruction
T I M E  D . 0 0  M O N T H S
S C A L E  1 1 N . =  9 .  3 7  F E E T
V E R T  I E R L
M B Q L 5 T R E 5
e
J R R N f
R -6.5 4 . 12.S
B 16.6 ± 12.6
c 43.6 1 12.6
D 6S.0 ± i £•. s
E 94. 1 i i 2.6
F 119.3 2 12,6
G 144.4 i 12.6
h 169.6 ± 12.6
I 194.7 ± 12.6
J 219.9 i 12.5
ft 245.0 i 12.5
L 270.2 i 12.6
M 295.3 i 12.6
N 320.5 ± 12.5
0 345.7 ± 12.6
P 370.8 ± 12.6
Q 396.0 i 12.6
R 421. 1 i 12.6
S 446.3 i 12.6
T 471 .4 i 12.6
U 496.6 i 12.6
V 521.7 i 12.6
u 546.9 ± 12.6
X 572. l ± 12.5
T 597.2 ± 12.S
z 622.4 i 3 2.5
Figure 5.6b Vertical Stress Distribution
T I M E  D . O O M 0 N T H S
S C A L E  1 I N . -  9 . 1 7  - E E T
H H G F E C n
H
U U V V H k u s " \ ^  . . .
J K K h L L L L K J




0 0 P p P P P P 0 N J G
E 0 C C
s S S s S S S R Q 0 L 1 G
F E 0
0 D
V V V V V u T S 0 0 H J H G F E
7 X It X k V U s Q 0 H ft 1 H G F
F E
z Z 7 7 X V U s Q 0 H ft 1 H H G
X X X n V u S R P N L ft J 1 H H
G
G F
V a V u T s R 0 0 hi L K J 1 H H
M A X . S H E A R
S Y M B O L S T R E S S R A N G E
R 16.4 i 4. 1
B 24.6 i 4. 1
C 32. 9 i 4.1
D 41.0 i 4. 1
E 49.2 ± 4. 1
F 57.4 ± 4. 1
G 65.6 ± 4. 1
H 73.0 ± 4. 1
I 82,0 ± 4. 1
J 50,2 i 4. 1
K 9S.4 i 4 1
L 105.6 ± 4. 1
M 114.8 i 4.1
N 123.0 ± 4. 1
0 131.2 X 4. 1
F 1 39.4 4 4. 1
0 147.6 4 4. 1
R 155.8 + 4. 1
S 164. 0 ± 4. 1
T 172.2 ± 4. 1
U 180.4 4 4.1
V 168. 6 4 4. 1
N 195. 8 j. 4.1
X 205.0 4 4. I
Y 213.2 4 4. 1
1 221.4 4 4. i
Figure S.6c Maximum Shear Stress Distribution
Figure 5 .7a Test Embankment a t  One Jtonth
TIME 1.00 MONTHS
SCALE 1 IN.- 9.17 FEET
TIME ].DO MONTHS
SCALE 1 I N .= 9. 1 ? FEET
S Y MB O L
V E R T I C A L  
T R E S S  R A N G E
R *35.6 ± 13.9
B -7.9 i 13.9
C 19.9 i 13.9
D 47.6 4 13.9
E 75.7 ± 13.9
F 103.6 ± 13.5
G 13: .4 i 13.3
H 153.3 ± 13.9
I 1 6 7 .2 ± I 3. S
J 215.0 i 13.9
K p  ^ ^  Q -i, 15.5
L 5TP; C1 i ^ z 13.9
M 295.5 ± 13.9
N 32S.5 j. 13.9
0 354.4 z 13.9
P 362, 3 ± 13.9
Q m o .  i ± 13.9
R 4 ;S.C i 1 3.S
5 465,3 ± 13.9
T 493.7 i 13.9u F.  ^I t r- A 13.9
V 543. E 2 13.3
w 5-77.4 i 13.9
X 505.2 i 13.9
T 6:5. 1 Z 15.9
2 651 .0 ± 13.9
Figure 5.7b Vertical Stress at One Month
Figure 5.7c Maximum Shear Stress at One Month
T I M E  1 . DO MO N T HS
S C A L E  1 I N . =  9 . 1 7  F E E T  
MAX. S H E A R  
S Y M B O L  S T R E S S  R A N G E
R 8.9- i 7 . 7
8 2 4 . y i "7 ■ . '
C 3 9 . 9 i 7 . 7
D 5 5 . y i 7 . 7
E 7 0 . 9 i 7 . 7
F 6 5 . 3 i 7 . 7
G 101 .8 ± 7 . 7
H 117 . 3 ± ~it~>
1 132. 8 ± 7 . 7
J 148. 3 ± -j -j•' * i
K 153. 8 ± 7 . 7
L 179. 3 ± 7 . 7
M 194. 8 ± 7 . 7
N 2 1 0 . 2 ±
_  *7
it*
0 2 2 5 . 7 ± 7 . 7
P 2 4 1 . 2 ± 7 . 7
G 2 5 5 . 7 i 7 . 7
R 2 7 2 . 2 i 7 . 7
5 287.  7 * 7 . 7
T 3 0 3 . 2 ± 7 . 7
U 318 . 7 z 7 . 7
V 334.  1 ± 7 . 7
w 3 4 9 . 6 ± 7 . 7
X 365.  i ± 7 . 7
Y 3 8 0 . 6 ± 7 . 7
Z 395.  1 ± 7 . 7
-4
in
IFigure S.8a Test Embankment a t  Three Months
TIME 3.QO MONTHS
SCRLE l 'lN.= 9. 37 FEET
J
■HjOv
Figure 5.8b Vertical Stress at Three Months
T I M E  3 .  DO MO N T H S
S C A L E  1 I N . =  9 . 1 7  F E E T
S Y M B O L
V E R T 1 C R L  
S T R E S S  R R N G E
p -24.2 i 12.8
B 1.5 ± 12.8
C 27.1 ± 12.6
Q 52.7 i 12.8
E 78.3 i 12.8
F 103.9 ± 12.8
G 129.5 X 12.8
H 155. 1 i 12.8
I 180.7 12.8
J 206.3 ± 12.8
K 232.0 i 12.8
L 257.6 ± 12.8
M 283.2 i 12.8
N 308.8 i 12.8
Q 334.4 ± 12.8P 360.0 ± 12.8
0 385.6 ± 12.8
R 411.2 ± 12.8
S 436.8 ± 12.8
T 452.5 ± 12.8
U 488. 1 i 12.8
V 513.7 i 12.8w 539.3 i 12.8
X 564.9 i 12.81 590.5 i 12.8z 616. 1 i 12.8
-■J
'- I
TIME 3. 00 MONTHS
SCALE 1 IN. = 9.17 FEET
S YMB O L
MA X .  S H E A R  
S T R E S S  R A N G E
p 3.0 ± 7.1
B 17.2 - i 7. 1
C 31 .y ± 7. 1
D 4 5 . 5 i 7. 1
E 59.7 ± 7. 1
F 73.9 ± 7. 1
G 88. 1 i 7. 1
H 102.2 i 7. 1
I 1 15,4 i 7.;
J 130.6 t 7. 1
ft 144,9 ± 7.1
L 159.0 ± 7. 1
M 173.1 ± 7. 1
N 167.3 i 7.1
0 201 .5 ± 7.1
F 215.7 ± 7. i
G 229.8 i 1' • 1
R 244.0 i 7. 1
5 258.2 i 7. i
T 272.4 ± 7. 1
U 285.6 ± 7. 1
V 300. 7 i 7. 1
W 314.9 ± 7. 1
X 329. 1 i 7. 1
T 345.3 ± 7.1
1 357.4 i 7. 1
Figure 5.8c Maximum Shear Stress at three Mouths
Figure 5.9a Test Embankment at Six Months
TIME 6. DD MONTHS
SCALE 1 IN.= 9.37 FEET
Figure 5.9b Vertical Stress at Six Months
T I M E  6 . QD M O N T H S  
S C A L E  1 I N .  = 9 .  1 7  F E E T
V E R T 1 C R L  
S T MB Q L  S T R E S S  R A N G E
B “24.0 ± 12.6
B 1.7 i 12.8
C 27.4 X 12.3
D 53. 1 i 12. Ft
E 79.7 ± 12.5
F 104.4 X 12.3
G 130. 1 i 12.3
H 155.8 ± 12.8
I 161.4 ± 12.8
J 2C7. 1 «4 12.8
K 232.8 ± 12.3
L 256.4 ± 1-2.8
M 264. 1 x 12.S
N 309.8 j. 12.8
G 335.5 i 12.8
P 36 1. 1 ± 12.3
G 336. 8 X 12.5
R 412.5 ± 32.3
5 455. 1 i 12.5
T 453.8 x 32,3
U Li P c , c , X ; 7*. - t L
V 515.2 X i 5. 5
W 54 3.6 t 1 7* 'P * — ■
X 555.5 X 32.8
T 552.2 Z 12.8
1 6 17.9 2 12.8
ODo
Figure 5.9c Maximum Shear Stress at Six Months
f
T I M E  6 . 0 0  M O N T H S  
S C A L E  1 I N . =  9 . I 7 F E E T  
M A X .  S H E A R  
S Y M B O L  S T R E S S  R A N G E
fl ‘ 4.9 j. 7.6
B 20. 1 i 7.6
C 35.3 i 7.5
D 50.5 ± 7.5
£ 65.7 i 7.6
F 80.9 z 7.6
G 96. 1 ± 7.5
H i 1! .3 + 7.6
I 126.5 ± 7.6
J 141.7 i 7.5
ft 156.9 ± 7.5
L 172. 1 4 - 7.6
M 137.3 ± 7.6
N 202.5 * n ~< i -j
0 ' 217.7 4 - 7.6
P 232.9 2 7.6
Q 246. 1 I 7.6
R 263.3 ± 7.0
S 273.5 7.6
T 293.7 4 7.6
U 308.9 2 7.5
V 324. 1 ± 7.6
H 339.3 ± 7,6
X 554.5 £ 7.5
Y 569.7 z 7.6
Z 384. S - 7.6
00
TIME 0.00 MONTHS







PM P30 P3) PSP m r a  PHQ PHJ PH? P41 PH4 PH5




SCALE 1 1N.= 37. 33 FEET
7*** 176
Tim 177 sm STS ISO ' SSI
SSI SSS m u SSS 166 167 168 sso ISO 17 L 172 set SOI 111 116 287
275
251
SOI sso 161 S52 161 S5tl 156 166 1ST 150 35# 160 107 112 its 286
SSI SSS SS6 1ST SS6 SSO SUO sot 102 101 100 SOS SOI SSI 110 245
252
SIT S ts s te 120 S21 122 121 520- 125 126 127 128 121 550 111 200
?73
201 20B soo SOI 102 101 SOI 106 106 107 508 SO# 118 111 112 281 ^ } T j /  
271
251
277 27# 270 260 201 262 201 28tt 265 286 287 288 261 200 201 282
261 266 286 2ST 2SS 260 260 261 262 261 260 265 261 267 268 26#
250
2S1 3SU 2SS 216 217 fSS 210 200 201 202 201 208 201 206 207 218
200
Figure 5.11 Element Numbering for Typical Embankment
TIME D. 00 MONTHS
SCRLE 1 IN. = 37.33 FEE
Figure 5.12a Typical Embankment Immediately After Construction
TIME D.GO MONTHS
SCRLE 1 IN.= 37 . 33 FEET
S Y MB OL
V E R T I C A L  
S T R E S S  R A N G E
7 * 1
h /h N H R ' h H
Q T X 1 2 Y u P K 0 B R fl fi R R
f l /
fl
R T H lr T X T P J F B B R R fl n
R
S T V X X V T 0 H F D B B R R R
fl
T U V V V u R 0 h H E C B B B B
R
T T U u u s Q N K H F D C C B B b /
fl
T T T T s fi P N K 1 G E D C C B
B
S T s S R 0 0 R L 1 H F E D C C
B
s R s R P p 0 fl K J H G E E C C
6
B -5.6 i 22.
B 38.5 i 22.
C 82.6 ± 22.
D 125.8 X 22.
E 170.9 ± 22.
F 2 1 5 . G i 22.
G 259. 1 ± 22.
H 303.3 ± 22.
I 347.4 i 22.
J 39 i .5 ± 22,
K 436.5 ± 22.
L 479.8 l 22 •
M 523.9 i 22.
N 558.0 ± 22.
G 512. 1 i 22.
P 556. 5 ± 22.
G 7CC.4 ± J 3 b
Ft /44. 5 i 22,
S 765.5 X U- «
T 832.5 i 22.
U 575. S 2 22.
V 921.0 2 22.
W 965.2 ± 22.
X 1C09.3 ± 22.
T 1053.4 i 22.
Z 1097.5 * 22!
Figure 5.12b Vertical Stress After Construction
TIME D .QOM0NTHS
SCALE 1 IN.- 37.33 FEET
f l \ r f h R R 7 7 H i
c F 1 J K K J H G G G F E D c 0 '
3 / "
ft
e K p T U U T Q k L J H F E D C
e
c E H J H 0 Q S R P H J G E 0 C c
j R P S U k X X H U Q N K 1 G F
c
Q s u ti 'l Z Z 1 X u S P N L J 1 F
S T V H X 1 Tf X k u S P N n k J H
U u V M x X X k V T R Q Q M K J
H
U V V ' V u k H V 0 T R 0 0 N L K 1
MA X . S H E A R
S YMB O L 3 T R E 5 5 R A NGE
P 17,7 ± 6.3
B 30.3 4 6.3
C 43,0 4 5.3
D 55.6 4 6.3
E 53.3 4 6.3
F 80.9 4 6.3
G 93.5 4 6.3
H 106.2 4 6.3
I 118.8 4 6.3
J- 131.4 4 6.3
K 144. 1 4 6.3
L 156.7 4 6.3
M 169.3 4 6.3
N 182.0 4 6.3
0 194.6 4 5.3
P 207.2 4 6.3
Q 219.9 4 6.3
R 232.5 4 6.3
5 245.2 4 6,3
T 257.8 4 6.3
U 270.4 4 6.3
V 283. 1 4 6.3
u 295.7 4 6.3
X 308.3 4 6.3
T 321 .0 4 6.3
1 333.6 4 6.3
Figure 5.12c Shear Stress After Construction
rI
,
Figure S. 13a Epical Embankment at One ttmth
TIME 1.00 MONTHS
SCRLE 1 IN.- 37. 33 FEET
Figure 5.13b Vertical Stress at One Month
T I M E  3 . 0 0  M O N T H S
S C R L E  1 I N . = 3 7 . 3 3  F E E T
V E R T I C R l
S Y M B O L S T R E S S R R N G E
R -148.1 i 25.6
B -97.0 ± 25.6
C -45.8 i 25.5
D 5.3 ± 25.6
E 56, 5 t C -- , 6
F 107.5 i ef5 • o
G 158.8 ± 25.6
H 209.9 1 ?§■§I 261. 1 ± £ ^  ■ \j
J 312.2 i 25.6
K 363,3 i 25.6
L 414.5 i 25.6
M 465.6 ± 25.5
N 516.8 i 25.5
0 567.9 ± 25.6
F 619.1 i 25. 6
Q 670.2 25.6
R 721.4 i 25.6
S 772.5 ± 2 1). 5
T 823.6 ± 25.6
U 874.8 ± 2 o . 6
V 925.9 ± 25.6
w 977. ] i 25.6
X 1028.2 i 25.6
T 1G79.4 ± 25.6




SCRLE 1 IN.= 37. 33 FEET
Figure 5.13c Shear Stress at One Month
S Y MB O L
M A X .
S T R E S S
S H E R B
R A N G E
fl 1.7 i 11.5
B 24.8 -L 11.5
C 4 9 . 0 i 11.6
D 71.2 ± 11.6
E 94.3 ± 11.6
F 117.5 ± I 1.6
G 140.7 ± 11.6
H 153.8 ± 11.6
I ' 187.0 ± 11.6
J 210.2 i 11.6
K 233.4 i 11.6
L 255,5 i 11.6
M 275,7 i 11.6
N 302.9 ± 11.5
G 325.0 ± 11.6
P 349.2 ± 11.6
Q 372.4 ± 11.6
R 595,5 ± 11.6
5 415.7 ± 11.6
T 441 .9 i 11.6
U 455.0 ± 11.6
V 488.2 ± 11.6
W 511.4 ± 11.6
X 534.5 ± 11.6
I 557.7 ± 11,6
J 530.9 i 11.6
00VO
Figure 5.14a Typical Embankment at Three Months
TIME 3-00 MONTHS
SCRLE 1 IN.= 37. 33 FEET
TIME 3-00 MONTHS
SCALE 1 1N.= 37. 33 FEET
V E R T I C A L
S Y M B O L S T R E S S R R N G E
R -96. 1 ± 24.2
B -47.7 ± 24.2
C 0. 5 i 24.2
0 48.9 ± 24.2
E 97.3 ± 24.2
F 145.6 ± 24.2
G 194.0 ± 24.2
H 242.3 ± 24.2
I 290.6 i 24.2
J 3 .6 I 24.2
K 387.3 ± 24.2
L 435.7 i 24.2
M 484.0 i 24.2
N 532.4 ± 24.2
0 580. 7 ± 24.2
P 629.0 ± 24. 2
0 X 24.2
R 725. 7 ■+ 24.2
5 774. 3 i 2^.2
T 622.4 24.2
U e -r\i f 'J ■ * 2 24.2
V SIS. I r 24.2
w S o 7, 4 24. 2
X 1G : 5. 8 24.2
T 10 6 4 . i ± 24.2
1 i;12.4 J 24. 2
Figure 5.14b Vertical Stress at Three Months
TIME 3.00 MONTHS
SCRLE 1 IN.= 37. 33 FEET
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Figure 5.14c Shear Stress at Three Months
SOto
Figure 5.15a typical Embankment at Six Months
TIME 6. 00 MONTHS




SCRLE 1 IN.= 37. 33 FEET
V E R T  I C R L
S Y MB O L S T R E S S R R N G E
fl -so. y ± 22.9
B -y.e ± 22.9
C y i.2 ± 22.9
□ 8 7 . Q ± 22.9
E 132. 9 i 22.9
F ]7?.7 i 22.9
G 224.5 i 22.9
N 270.3 i 22.9
I 315. 1 i 22.9J 36! .9 i 22.9
n 407.7 ± 22.9
L 453.5 ± 22.9
M 439.3 i 22.9
N 545.2 i 22.9
G 591.0 i 22. 9
P 636. 3 i 22.9
Q 682.6 i 22.9
R 7 2 3 . 4 i 22.9
S 7 7 4 . 2 ± 22.9
T 3 2 0 . 0 i 22.9
U 855.8 ± 22.9
V 9 1 1 . 6 ± 22.9
w 95 i , 5 i 22.9X 1 C 0 3 . 3 ± 22.9
Y I C -4S. 1 -*■ 22.9
J 1 C=4.  S ± ■>-> Qw •
■P*
TIME G. 00 MONTHS
SCALE 1 I N .= 37. 33 FEET



























S T R E 5
c
J R A N G E
2.5 * 8 . 0
18.5 i 8 . 0
314. y ± 8 . 0
50.3 * 8 . 0
56.2 J. 8 . 0
82.2 i 8 . 0
98. 1 X 8 . 0
11 y . g ± 3.0
129, 9 z 8 . 0
ry=-.s i 3.0
i s :  , e t 8 . 0








305. 1 ± 8 . 0
1.0 ± 3.0
337.0 ± 8 . 0
352.9 i 3.0
368.8 i 8 . 0
3 5 y , 7 i 3 . 0y c o . 7 ± 3.0
Figure 5.15c Shear Stress at Six Months
CHAPTER VI
CONCLUSIONS AND RECOMMENDATIONS
In  t h i s  s tu d y  a  f i n i t e  e le m e n t p ro g ram  was d e v e lo p e d  to  p e r fo rm  
s t r e s s  and d is p la c e m e n t  a n a ly s e s  o f  em bankm ents o v e r  s o f t  s a t u r a t e d  
s o i l s .  I t  i n c lu d e s  s h e a r  d is p la c e m e n t ,  c o n s o l id a t io n ,  and  c re e p  e f f e c t s .  
A lth o u g h  i t  c a n  b e  u sed  f o r  o th e r  p u r p o s e s ,  i t  i s  d e s ig n e d  to  m in im ize  
u s e r  in p u t  f o r  em bankment a n a ly s e s  an d  accom pany ing  s o i l  p r o p e r t i e s  
d e t e r m in a t io n .  I t  i s  e f f i c i e n t  and r e l i a b l e  b u t  th e  a c c u ra c y  o f  i t s  
o u tp u t  i s  l i m i t e d  n a t u r a l l y  by  th e  r e l i a b i l i t y  o f  th e  e s t im a te d  m a t e r i a l  
p r o p e r t i e s  u s e d  as  i n p u t .
I t  i s  recom m ended t h a t  d o u b le  p r e c i s i o n  c a l c u l a t i o n s  be  u se d  
w henever p o s s i b l e  to  m in im iz e  ro u n d  o f f  e r r o r  d ue  to  th e  r e p e a te d  
s o l u t i o n  te c h n iq u e .  A ls o ,  a  w e l l  in s tru m e n te d  t e s t  s e c t i o n  embankment 
w ould  a id  i n  e v a l u a t i n g  p ro g ram  p e rfo rm a n c e  a s  w e l l  a s  m a t e r i a l  
p r o p e r t i e s  d e t e r m in a t io n .  I f  s u f f i c i e n t  t e s t  d a t a  i s  a v a i l a b l e ,  n o n ­
l i n e a r  m a t e r i a l  b e h a v io r  c a n  b e  in c lu d e d  i n  th e  p ro g ram . L a s t l y ,  th e  
l i m i t i n g  h y d r a u l i c  g r a d i e n t  c o n c e p t i s  a  p o s s i b l e  s o u rc e  o f  f u r t h e r  
i n v e s t i g a t i o n  and  im p le m e n ta t io n .
96
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In p u t  D a ta : (U se c o n s i t e n t  u n i t s  o f  f o r c e ,  l e n g th ,  and tim e
th r o u g h o u t ) .
1 . H ead ing  C ard  (20AA)
2 . Problem Parameters Card (1 1 1 5 , E 1 0 .0 )
C o ls  1 -5  P rob lem  Code 0 A l l  d a t a  in p u t
1 Embankment u s in g  S td . N odal mesh
2 T e s t  Specim en 
6 -1 0  Number o f  N odal P o in t s
11-15  Number o f  E lem en ts  
1 6 -2 0  Number o f  M a te r i a l s  
21 -2 5  Number o f  P r e s s u r e  C ards
2 6 -3 0  Number o f  P o rous B oundary  C ards
40  0 I f  f l u i d  flow  i s  to  be  c o n s id e re d  
1 I f  f l u i d  f lo w  i s  to  be  n e g le c te d  
45 0 I f  c r e e p  i s  to  b e  c o n s id e re d  
1 I f  c r e e p  i s  to  b e  n e g le c te d  
50 0 I f  s t r e s s  a n a l y s i s  i s  to  be  c o n s id e re d  
1 I f  s t r e s s  a n a l y s i s  i s  to  be  n e g le c te d  
55 0 I f  e q u i l ib r iu m  c o r r e c t i o n  i s  to  b e  c o n s id e re d  
1 I f  e q u i l i b r i u m  c o r r e c t i o n  i s  to  b e  n e g le c te d  
5 6 -6 5  S iz e  o f  tim e  in c re m e n t
70 0 I f  e q u a l  d is p la c e m e n t  B .C . i s  n o t  r e q u i r e d  
1 I f  e q u a l  d is p la c e m e n t  B .C. i s  r e q u i r e d
N o te s : I f  P ro b lem  Code = 2 , d a ta  i n  c o l s  6 -30  and  c o l  70
and  75 n o t  n e e d e d .
I f  P ro b lem  Code = 1 and one o f  th e  g e n e ra te d  embank­
m en ts a r e  to  be  u s e d ,  d a ta  i n  c o l s  6 -20  n o t  n e e d e d .
3 a .  T h is  c a rd  n eed e d  o n ly  i f  P ro b lem  Code «■ 1 (1 1 0 , 6E 10 .0)
C o ls  4  0 No V a r ia n  P lo t s
1 V a r ia n  P lo t s  (m ust i n s e r t  JCL)
8 Embankment Code 0 G e n e ra te s  embankment
1 G e n e ra te s  em bankm ent w ith  berm
2 M ust in p u t  own embankment 
9 -1 7  Embankment body f o r c e  i n  v e r t i c a l  d i r e c t i o n .
1 8 -2 6  Embankment body f o r c e  i n  h o r i z o n t a l  d i r e c t i o n .  
27 -3 5  H 
3 6 -4 4  F 
4 5 -5 3  C 
5 4 -6 2  T 
63 -7 1  L 
72 -8 0  E
Embankment (W ith o u t Berm s)
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H
Embankment (W ith  Berm)
N o te : I f  Embankment Code = 2 ,  d a t a  In  c o l s  9 -3 5  and  4 5 -8 0
n o t  n e e d e d , b u t  c o l s  3 6 -4 4  (F ) I s  n e e d e d .
3 b . T h is  c a rd  n eed e d  o n ly  i f  P ro b lem  Code = 2 (4 E 1 0 .0 , 2X10)
C o ls 1 -10  F ilm  c o e f f i c i e n t  f o r  p o ro u s s to n e
1 1 -2 0  F lu x  r e q u i r e d  to  a c h ie v e  h y d r a u l i c  g r a d ie n t  
21 -3 0  Wt. p la c e d  on  sp ec im en  a t  t  = 0 
3 1 -4 0  P r e s s u r e  in c re m e n t a t  t  ® 0 
50 NFP 0 N odal mesh p l o t
1 N odal m esh p lu s  c re e p  s t r a i n s
2 N odal m esh p lu s  t o t a l  s t r a i n s
60 Number o f  t im e s  a t  w h ich  s t r a i n s  a r e  to  b e  p l o t t e d  
(20  m ax .)
3 c .  T h is  c a rd  n eed ed  o n ly  i f  P ro b lem  Code *= 2 and NPP = 1 o r  2 , 
One c a rd  f o r  each  tim e  a t  w h ich  s t r a i n s  a r e  t o  b e  p l o t t e d  
(20  m ax .)  (5E 10 .0 )
C o ls  1 -1 0  Time ( h r s )
11 -2 0  Top l a t e r a l  s t r a i n  (m easu red  a t  to p  p o i n t e r )
2 1 -3 0  M idd le  l a t e r a l  s t r a i n  (m easu red  a t  m id d le  p o in t e r )  
3 1 -4 0  B ottom  l a t e r a l  s t r a i n  (m easu red  a t  b o tto m  p o in t e r )  
4 1 -5 0  L o n g i tu d in a l  s t r a i n  (m easu red )
N o te : The n e g a t iv e  o f  th e  l o n g i t u d i n a l  c re e p  s t r a i n s
(NPP = 1) o r  l o n g i t u d i n a l  t o t a l  s t r a i n  (NPP = 2) i s  
p l o t t e d  to  a l lo w  e a s i e r  c o m p a riso n  o f  th e  c re e p  
s t r a i n s  and  a  m ore com pact p l o t  o f  th e  t o t a l  s t r a i n s  
r e s p e c t i v e l y .
4 .  M a te r i a l  P r o p e r t i e s  (1 8 , 8 E 9 .3 ) (One c a r d  f o r  ea c h  m a t e r i a l )
C o ls  1 -8  M a te r i a l  Number
9 -17  E f f e c t iv e  ( im m e d ia te )  r e a c t i o n  m odulus 
18 -2 6  P o is so n s*  r a t i o
27 -35  C o e f f .  o f  c o n s o l i d a t i o n  
3 6 -4 4  C o e f f .  o f  v o l .  ch an g e  
4 5 -5 3  P r e s s u r e  f r a c t i o n
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C o ls  5 4 -6 2  C re e p  law  c o n s t a n t ,  H
6 3 -7 1  C re e p  la w  c o n s t a n t ,  A
7 2 -8 0  C re e p  law  c o n s t a n t ,  B
5 .  N o d a l P o in t  C a rd s  ( 1 5 ,  2 E 1 0 .3 ,  F 5 .0 ,  2 E 1 0 .3 , 1 5 , 2 E 1 0 .3 )
One c a r d  f o r  e a c h  n o d a l  p o i n t .
C o ls  1 -5  N o d a l p o i n t  num ber
6 -1 5  x - c o o r d i n a t e  
16 -2 5  y - c o o r d i n a t e
30 Number w h ic h  s p e c i f i e s  i f  d i s p la c e m e n ts  o r  f o r c e s  a r e  
to  b e  s p e c i f i e d .
3 1 -4 0  xx
4 1 -5 0  xy
55 0 E x t e r n a l  f l u i d  f lo w  i s  s p e c i f i e d  
1 P r e s s u r e  s p e c i f i e d
5 6 -6 5  S p e c i f i e d  p r e s s u r e  o r  f lo w
66-7 5  I n i t i a l  p r e s s u r e  (n e e d e d  o n l y  i f  s t r e s s  a n a l y s i s  i s  
n o t  p e r fo rm e d )
I f  th e  num ber i n  co lu m n  30 i s
0 XX i s th e s p e c i f i e d x -  lo a d  and
xy i s th e s p e c i f i e d  y - l o a d
1 XX i s th e s p e c i f i e d x - d i s p la c e r a e n t  an d
xy i s th e s p e c i f i e d  y - l o a d
2 XX i s th e s p e c i f i e d x - l o a d  and
xy i s th e s p e c i f i e d  y - d i s p la c e m e n t
3 XX i s th e s p e c i f i e d x - d i s p la c e m e n t  and
x y i s th e s p e c i f i e d  y - d i s p la c e m e n t
4  And c o l  70 o f  t h e  P ro b lem  P a ra m e te r  C a rd  = 1 ,  th e  
x  d i s p la c e m e n t  i s  f o r c e d  to  be  t h e  sam e a s  t h e
x  d i s p la c e m e n t  o f  t h e  p r e v io u s  n o d e
5 And c o l  70 o f  t h e  P ro b le m  P a r a m e te r  C ard  = 1 ,  th e  
y  d i s p la c e m e n t  i s  f o r c e d  t o  b e  t h e  sam e a s  th e
y  d i s p la c e m e n t  o f  th e  p r e v io u s  n o d e
A l l  lo a d s  a r e  c o n s id e r e d  to  b e  t h e  t o t a l  f o r c e s  a c t i n g  o n  a  
u n i t  t h i c k n e s s .  N o d a l p o i n t  c a r d s  m u s t b e  i n  n u m e r ic a l  
s e q u e n c e .  I f  c a r d s  a r e  o m i t t e d ,  t h e  o m i t t e d  n o d a l  p o i n t s  
a r e  g e n e r a t e d  a t  e q u a l  i n t e r v a l s  a lo n g  a  s t r a i g h t  l i n e  b e tw e e n
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th e  d e f in e d  n o d a l p o i n t s .  The b o u n d a ry  co d es  ( c o l  30 and 5 5 ) ,
x x , x y , s p e c i f i e d  f lo w , and I n i t i a l  p r e s s u r e  a r e  s e t  e q u a l  to
z e r o .
N odal P o in t  C ard s  a r e  n o t  n e e d e d  i f  P ro b lem  Code = 2 o r  i f  
P ro b lem  Code = 1 and  Embankment Code = 0 o r  1 .
6 . E lem en t C ard s  (6 1 5 , 2 E 10 .3 )
One c a rd  f o r  e a c h  e le m e n t .
C o ls  1 -5  E lem en t Number 
6 -1 0  N odal P o in t  X
1 1 -1 5  N odal P o in t  J
1 6 -2 0  N odal P o in t  K
2 1 -2 5  N odal P o in t  L
2 6 -3 0  M a te r i a l  Number
3 1 -4 0  x -b o d y  f o r c e  (F o rc e  p e r  u n i t  v o l . )
4 1 -5 0  y -b o d y  f o r c e  (F o rc e  p e r  u n i t  v o l . )
O rd e r n o d a l  p o i n t s  c o u n te r  c lo c k w is e  a ro u n d  e le m e n t .
Maximum d i f f e r e n c e  b e tw een  n o d a l  p o in t  I .D .  m ust b e  l e s s  
th a n  27 .
E lem en t c a rd s  m u st be  i n  e le m e n t num ber s e q u e n c e . I f  
e le m e n t c a rd s  a r e  o m i t te d ,  t h e  p ro g ram  a u to m a t i c a l ly  
g e n e r a te s  th e  o m i t te d  in f o r m a t io n  by  in c re m e n t in g  b y  one 
th e  p r e c e d in g  I ,  J ,  K, and L . The m a t e r i a l  i d e n t i f i c a ­
t i o n  and  th e  x  and  y  body f o r c e s  a r e  s e t  e q u a l  to  th e  
v a lu e s  g iv e n  on  th e  l a s t  c a r d .  The l a s t  e le m e n t c a rd  
m u st a lw ay s  b e  s u p p l i e d .
T r i a n g u la r  e le m e n ts  a r e  a l s o  p e r m i s s i b l e ,  and a r e  
i d e n t i f i e d  by  r e p e a t i n g  th e  l a s t  n o d a l  p o in t  num ber 
( i . e . ,  I ,  J ,  K, K)„
E lem en t c a rd s  a r e  n o t  n eed e d  i f  P rob lem  Code “  2 o r  
i f  P rob lem  Code = 1 and Embankment Code = 0 o r  1 .
7 . P r e s s u r e  C ards (2X 5, E 1 0 .3 )
One c a rd  f o r  e a c h  b o u n d a ry  e le m e n t w h ich  i s  s u b je c t e d  to  a  no rm al 
p r e s s u r e .
C o ls  1 -5  I  
6 -1 0  J  
1 1 -2 0  P r e s s u r e
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As shown a b o v e , th e  b o u n d ary  e le m e n t m ust b e  on th e  l e f t  a s  
one p r o g r e s s e s  from  I  to  J .  S u r f a c e  t e n s i l e  f o r c e  i s  I n p u t  
a s  a  n e g a t iv e  p r e s s u r e .
8 . P o ro u s  B oundary  C ard s  (2 1 5 , 2E 10 .3)
One c a rd  f o r  ea c h  b o u n d a ry  p o ro u s  b o u n d a ry  e le m e n t w ith  a  n o n ­
i n f i n i t e  f i l m  c o e f f i c i e n t .
C o ls  1 -5  I
6 -1 0  J  
11 -2 0  F ilm  C o e f f i c i e n t  
21 -3 0  P r e s s u r e
P r e s s u r e  c o n v e n t io n  same a s  f o r  p r e s s u r e  c a r d s .
9 . D a ta  f o r  Each Time S te p
a .  P a ra m e te r  C ard  (1615)
C o ls  1 -5  Number o f  tim e  in c re m e n ts  i n  t h i s  t im e  s t e p .
6 -1 0  Number o f  m a t e r i a l s  w hose p r o p e r t i e s  a r e  to  be  changed
in  t h i s  t im e  s t e p .
11 -1 5  Number o f  n o d es  f o r  w h ich  in c re m e n ts  i n  c o n c e n t r a te d
f o r c e s ,  d is p la c e m e n ts ,  o r  p o re  p r e s s u r e  o r  f lo w  a r e  to
b e  a p p l i e d .
16 -2 0  Number o f  e le m e n ts  f o r  w h ich  in c re m e n ts  i n  th e  body  
f o r c e s  a r e  to  b e  a p p l i e d .
21 -2 5  0 I f  no p r e s s u r e  in c re m e n ts  a r e  to  b e  a p p l i e d .
1 I f  some p r e s s u r e  in c re m e n ts  a r e  to  b e  a p p l i e d .
26 -3 0  Number o f  p o ro u s  b o u n d a r ie s  f o r  w h ich  an  in c re m e n t i n  
th e  e x t e r n a l  p r e s s u r e  a n d /o r  a  new c o n s t a n t  i s  to  b e  
s p e c i f i e d .
3 1 -3 5  P r i n t  i n t e r v a l  f o r  p r i n t i n g  p r e s s u r e  a t  e ach  n o d e .
40 0 I f  no V a r ia n  p l o t  a f t e r  t h i s  s t e p .
1 I f  V a r ia n  p l o t  a f t e r  t h i s  s t e p .
I f  c o l s  3 1 -3 5  e q u a l  z e ro  o r  b l a n k ,  w i l l  p r i n t  p r e s s u r e s  a t  
th e  end  o f  tim e  s t e p  o n ly ,  o th e r w is e  t r i l l  p r i n t  p r e s s u r e  a t  
t h i s  m u l t i p l e  o f  t im e  in c re m e n t .
105
b . U p d a te  C ard s
(1 ) U p d a ted  m a t e r i a l  p r o p e r t i e s  ( 1 8 ,  8 E 9 .3 )
One c a r d  f o r  e a c h  u p d a te d  m a t e r i a l  u s in g  o r i g i n a l  m a t e r i a l  
nu m ber.
C o ls  1 -8  M a t e r i a l  Number
9 -1 7  New E f f e c t i v e  ( im m e d ia te )  R e a c t io n  M odulus 
1 8 -2 6  New P o i s s o n 's  r a t i o
2 7 -3 5  New C o e f f .  o f  C o n s o l id a t io n  
3 6 -4 4  New C o e f f .  o f  V o l. C hange 
4 5 -5 3  New P r e s s u r e  F r a c t i o n
5 4 -6 2  New C re e p  Law C o n s ta n t ,  H
6 3 -7 1  New C re e p  Law C o n s ta n t ,  A
7 2 -8 0  New C re e p  Law C o n s t a n t ,  B
(2 )  I n c r e m e n ts  i n  q u a n t i t i e s  a p p l i e d  a t  n o d e s  (1 1 0 , 7 E 1 0 .3 )
C o ls  1 -1 0  Node Number
1 1 -2 0  In c r e m e n t  i n  xx  
2 1 -3 0  In c r e m e n t  i n  xy  
3 1 -4 0  I n c r e m e n t  i n  p r e s s u r e  o r  f lo w
(3 )  In c r e m e n ts  i n  b o d y  f o r c e s  (1 1 0 , 7 E 1 0 .3 )
C o ls  1 -1 0  E le m e n t Number
1 1 -2 0  x -b o d y  f o r c e  in c re m e n t  
2 1 -3 0  y -b o d y  f o r c e  in c re m e n t
(4 )  I n c r e m e n ts  I n  b o d y  f o r c e s  (1 1 0 , 7 E 1 0 .3 )
I f  an y  p r e s s u r e  in c r e m e n ts  a r e  t o  b e  a p p l i e d  th e n  t h e r e  m u s t 
b e  th e  sam e num ber o f  p r e s s u r e  c a r d s  an d  i n  th e  sam e o r d e r  
a s  w e re  i n i t i a l l y  a p p l i e d ,  ev en  th o u g h  som e a r e  z e r o .
C o ls  1 -1 0  I  
1 1 -2 0  J
2 1 -3 0  In c r e m e n t  i n  p r e s s u r e
(5 )  P o ro u s  b o u n d a ry  u p d a te s  ( I I 0 , 7 E 1 0 .3 )
C o ls  1 -1 0  I  
1 1 -2 0  J
2 1 -3 0  New f i l m  c o e f f i c i e n t
3 1 -4 0  I n c re m e n t  i n  e x t e r n a l  p r e s s u r e
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A d d i t io n a l  Rem arks on In p u t
1 . When I n p u t t i n g  an  em bankment (P ro b lem  Code = 1 , Embankment Code =
2 ) on th e  s t a n d a r d  n o d a l m esh, th e  embankment c o v e rs  th e  f i r s t  te n  
to p  la y e r e d  e le m e n ts  363 th ro u g h  372 a s  d e p ic te d  In  F ig u re  A . I .
F o r  th e  em bankment shown th e  n o d es  381 to  391 a r e  e q u a l ly  sp a c e d  
a lo n g  th e  b a s e  o f  th e  em bankm ent. T h e r e f o re ,  s in c e  t h i s  n o d a l  
d a t a  I s  p a r t  o f  th e  s ta n d a r d  n o d a l  m esh, when i n p u t t i n g  n o d a l  d a t a  
o n e  m ust s t a r t  w i th  node 392 and f o r  t h i s  p a r t i c u l a r  em bankment go 
th ro u g h  node 4 0 9 , On th e  p a ra m e te r  c a rd  th e  num ber o f  n o d es  m ust 
b e  in p u t  a s  4 0 9 . The e le m e n t d a ta  m ust a lw ay s  s t a r t  w i th  e le m e n t 
373 and f o r  t h i s  em bankment go th ro u g h  3 9 0 . The num ber o f  e le m e n ts  
s h o u ld  b e  in p u t  a s  390 on  th e  p a ra m e te r  c a r d .  The m a t e r i a l  num bers 
f o r  th e  em bankment sh o u ld  s t a r t  w i th  num ber 29 and go to  a  maximum 
o f  3 4 .
2 . T e s t  Specim en P lo t s  (P ro b lem  Code = 2)
The t e s t  sp ec im en  p l o t s  c o n s i s t s  o f  (1 ) a  h ig h  sp e e d  p r i n t e r  p l o t  
o f  th e  n o d a l p o i n t s  a f t e r  e a c h  tim e  s t e p ,  th e  p u rp o se  o f  w h ich  i s  
s im p ly  to  g iv e  th e  u s e r  a n  a p p ro x im a te  v iew  o f  th e  d e f o r m a t io n s ,  
and  (2 ) ( I f  NPP *  1 o r  2) a  h ig h  sp e e d  p r i n t e r  p l o t  o f  e i t h e r  th e  
c r e e p  s t r a i n s  (NPP = 1 ) ,  t h a t  i s ,  th e  d i f f e r e n c e  be tw een  th e  t o t a l  
m e asu re d  s t r a i n s  and  th e  com p u ter p rogram  flo w  s t r a i n s ,  o r  th e  
c o m p u te r p ro g ram  t o t a l  s t r a i n s  (NPP »■ 2 ) com pared w ith  th e  m easu red  
t o t a l  s t r a i n s .
3 .  I n p u t t i n g  M a te r i a l  P r o p e r t i e s  f o r  th e  S ta n d a rd  N odal M esh.
The s ta n d a r d  n o d a l  mesh i s  s c a le d  a c c o rd in g  to  th e  l e n g th  o f  th e  
b a s e  o f  th e  em bankm ent, t h a t  i s ,  th e  b a s e  o f  th e  embankment c o v e rs
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t h e  f i r s t  t e n  to p  la y e r e d  e le m e n ts .  The m a t e r i a l  p r o p e r t i e s  a r e  
assum ed  to  be  known a lo n g  th e  c e n t e r l i n e  o f  th e  embankment to  a  
d e p th  o f  t e n  tim e s  th e  b a s e  ( h a l f  w id th )  o f  th e  em bankm ent. The 
m a t e r i a l  n u m b ers , a lo n g  th e  c e n t e r l i n e  o f  th e  em bankm ent, a r e  
num bered v e r t i c a l l y  fro m  1 to  24 ( s e e  F ig u re  A .3 ) .  When i n p u t t i n g  
th e  m a t e r i a l  p r o p e r t i e s  th e  m a t e r i a l  num bers m ust be i n  n u m e r ic a l  
s e q u e n c e .  I f  a  m a t e r i a l  c a rd  i s  o m i t te d ,  th e  p r o p e r t i e s  o f  t h i s  
m a t e r i a l  w i l l  be  c a l c u l a t e d  by l i n e a r  i n t e r p o l a t i o n  o f  th e  
p r o p e r t i e s  o f  th e  p r e c e d in g  and s u c c e e d in g  m a t e r i a l s .  The m a t e r i a l  
p r o p e r ty  num bers f o r  t h e  em bankment I t s e l f  a r e  fro m  2 5 -3 0 , I f  th e  
em bankm ent i s  one o f  th e  two g e n e r a te d  em bankm ents i t  i s  assum ed 
t h a t  th e  e n t i r e  em bankm ent i s  o f  th e  same m a t e r i a l  ( M a te r ia l  Mo.
2 5 ) .  The m a t e r i a l  p r o p e r t i e s  a lo n g  h o r i z o n t a l  p la n e s  a r e  assum ed 
to  b e  c o n s t a n t .  M a te r i a l  num bers 3 1 -3 9  shown i n  F ig u re  A .4  a r e  
n e e d e d  b e c a u s e  o f  th e  e le m e n t g r a d a t i o n ,  and t h e i r  p r o p e r t i e s  a r e  
c a l c u l a t e d  by a v e ra g in g  th e  p r o p e r t i e s  o f  th e  l a y e r s  t h a t  th e y  s p a n .
S in c e  i t  i s  n o t  l i k e l y  t h a t  t h e  m a t e r i a l  p r o p e r t i e s  a t  a  d e p th  
o f  te n  t im e s  th e  b a s e  ( h a l f  w id th )  o f  th e  em bankm ent w i l l  a c t u a l l y  
be  know n, th e  p r o p e r t i e s  o f  m a t e r i a l  num ber 24 c a n  b e  e s t im a te d  by 
a ssu m in g  th e  p r o p e r t i e s  v a ry  l i n e a r l y  w ith  d e p th .  I t  s h o u ld  be 
n o te d  t h a t  m a t e r i a l  num bers 1 and 24  m ust a lw ay s b e  i n p u t ,  s i n c e  
t h e s e  a r e  th e  e x tre m e s  be tw een  w h ich  th e  m a t e r i a l  p r o p e r t i e s  a r e  
i n t e r p o l a t e d .
4 .  E q u a l D isp la c e m e n t B oundary  C o n d it io n
The e q u a l  d is p la c e m e n t  b o u n d a ry  c o n d i t io n  (B .C .)  i s  u se d  to  f o r c e  
th e  x  o r  y  d is p la c e m e n t  o f  a  node  to  e q u a l  th e  x  o r  y d is p la c e m e n t  
r e s p e c t i v e l y  o f  th e  p re c e d in g  n o d e . I t  i s  u se d  In  th e  t e s t
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sp ec im en  a n a l y s i s  to  f o r c e  th e  to p  l e v e l  o f  n o d es  to  re m a in  l i n e a r , 
s in c e  th e y  re m a in  in  c o n t a c t  w i th  th e  m oving lo a d in g  p l a t e n .  I f  a 
t e s t  sp ec im en  o f  a d i f f e r e n t  s i z e  w ere  to  be a n a ly z e d ,  i n  w hich  
c a s e  a l l  th e  d a t a  w ould  h av e  to  b e  i n p u t ,  th e  e q u a l  d is p la c e m e n t 
b o u n d a ry  c o n d i t io n  w ould h a v e  to  be  u s e d .
T h ere  i s  a  r e s t r i c t i o n  on th e  u s e  o f  t h i s  B .C . The no d es 
w hose d is p la c e m e n ts  a r e  fo r c e d  to  e q u a l  e a c h  o th e r  m ust b e  i n  th e  
same b lo c k  o f  n o d e s . B lo c k s  o f  nod es  a r e  m u l t i p l e s  o f  27 s t a r t i n g  
a t  1 . T h a t i s ,  t y p i c a l  b lo c k s  o f  nodes in c lu d e  n o d es  1 -2 7 , 2 8 -5 4 , 
5 5 -8 1 , 8 2 -1 0 8 , e t c .  The co d es  f o r  t h i s  B .C . a r e  4  o r  5 d ep en d in g  
On w h e th e r  th e  x o r  y  d is p la c e m e n ts  a r e  to  be  e q u a l .  T h is  
e l im i n a te s  th e  p o s s i b i l i t y  o f  a p p ly in g  n o d a l  f o r c e s  o r  d is p la c e m e n ts  
a t  th e s e  n o d e s .  The o n ly  f o r c e  t h a t  ca n  be a p p l ie d  a t  th e s e  nodes 
a r e  p r e s s u r e  f o r c e s ,  h o w ev e r, t h i s  i s  s u f f i c i e n t  to  r e p r e s e n t  









P R O G R A M  S O I L
CCN K C N / F R C B P R / D T  , T  I ME,  N V P , N D C .
* N U W N P , N L M E L . N U M M A T , N U M P C , N U M C B C « M S * I N T E R , L F , L C * L S , L R  . M . N T , X M
C
C C w M C N / M A T / E ( 3 9 )  . P C ( 3 9  ) , XCCND(  2 9 > , S P H T ( 3 9 ) , 0 X ( 3 9 ) , C L C ( 3 9 • 3 )
C
C OKMON/ NODC A T / R  ( 4 6  C ) « Z ( 4 6 0 )  , C 0 C E ( A G O  . U R ( 4 6 0  ) , U Z ( 4 6  0 ) , T S ( 4 6 0 ) ,
♦  T I N T !  4 6 C ) » E T  E  ( 9 2  C ) , P D C T ( 4 6 0  > , N £  I F E N  ( 4 6  0  , K C 0 E ( 4 6 0 )
C
C C M M C N / E L D A T  A / E F ( 4  2 0 ) . S R ( 4 2 0  ) , S Z ( 4  2 0 ) .  S R Z (  4 2  0 ) » S E F < 4 2 C ) , D S E F ( 4 2 0 ) .
♦ S N ( 4 2 0  ) t B 0 C R ( 4 2 0 ) * £ C O Z ( 4 2 0 ) . 1 X < 4 2 0 , 5 ) , Z M ( 2 4 )
C
C O M M C N / A R G / R R R  < 6 )  , Z Z Z  ( 5 ) . S (  1 C,  1 0 ) • P  ( 1 0  ) , T T  ( 3  ) . LH ( 4  ) , DD { 3 , 3 ) ,
*HH ( 6 ,  1 0 )  ,  R R ( 4  ) , Z Z (  4  ) , C ( 3 , 3 )  » F ( 6 ,  1C ) . D (  € ,  6 )  * F (  6 , 1  C)  ,  TP ( 6  ) , X I ( 3  ) .
* P E  ( 1 0  ) , P C  ( 1 0 ) , E Z C ,  S S (  1 0 ,  1 0 )  , F F ( 6 , I  0 ) ,  G ( 6 , 6  )
C
COMMO N / S O L E  C / A S ( 4 6 C « 2 7 )  , B S (  4 6 0  ) ,M 6  AN D , N U M 8 L K  , NBA ND
C
C I  M E N S I C N  B ( 9 2 0 )
C
E Q U I V A L E N C E  ( A S ( E 8 3 3 ) , E ( 1 ) )
C
C O M M O N /  E 0 U N 0 / H F (  1 0  0  ) ,  T E (  1 0 0 ) ,  P R  ( 1 0 0 ) ,  I E J C (  1 0 0  ) ,  J B C  I 1 0 0 )  , K B C  ( I C O )  ,  
♦ L B Q t 1 0 0 ) * P T ( 1 0 0 )
C
C C M K O N / V C L U M / V O L O ( 4 2 0 ) , V O L T
C
C C M M O N / P L O T T S / S L G 1 2 0 )  , S T ( 2 0 ) , S M (  2 0 ) , 5 E ( 2 0 )  , HR S ( 2  0  ) ,  S L G T  ( 5 0  ) , S T T  ( S O  
*> , S M T ( 5 C >  , S B T ( 5 0  ) , H R T ( 5 0  ) , N S P , N P P  
D I M E N S I O N  H E D ( 2 0 )
R E A D  AN C W R I T E  H E A T I N G  
2  R E A O t 5 , 1 0 0 0 > H £ D  








R E A D  A N D  W R I T E  P R O B L E M  P A R A M E T E R S
R E A D ( 5 , 1 0 0 1 ) N P C ,  N U M N P  1 N L . M E L 1  N U N  M A T  * N U M P C  ,  N U N  C B C  * N T S  , L F  •  L C  . U S  » L R  , 0 T  
*  * L E C t  N D C  
N V P = 0
[ F t N P C . E Q . 2 )  G C  T C  1 0  
G C  T O  1 1
1 0  * R  I T E ( 6  . 2 0 3 0 )
R E A D  ( 5 ,  1 0  1 0  )  F 1 L M  « F L U X , W T  » P R E S S * N p3 P »  N S F  
I F ( N P F * E O . O )  G O  T O  e
R E A D  t S .  1 0  1 2  )  ( H R S  ( N  ) » S T (  N > ,  S M (  N )  ,  S B ( N  ) , S L G ( N  ) , N = 1  , N S P  > 
a  C O N T I N U E  
N U M N P = 5 5  
N U M E L = 4 C  
N L N M A T =  1 
N U N P C = 1  A 
N U M C b C = 4  
G C  T O  1 2
1 1  I F t N P C . E G * ! )  G O  T O  1 3  
G O  T O  1 2
1 3  R E A D ( 6 , 1 0 1 1 J N V  P *  N E C , b O f i ,  E U 2 , H I • F T . C R • T . B B , E E  
I F ( N V P . E G . l )  C A L L  I D E N T ( * 1 3 0 6  6 0 1 3 3  R A P * )
I F t N E C . E Q . O )  G O  T C  £
I F ( N E C . E Q . 1 )  G O  T O  6  
W R I T E ( 6 * 2 0 3 3 )
G C  T O  7
5  WR I T E  ( 6  , 2 0  3 1 )
G C  T O  7
6  W R I T E  ( 6  , 2 0 3 2  >
7  C O N T I N U E
I F  ( N E C • £ 0 * 0  . C R . N E C . E Q .  1 ) C A L L  E N B A  N K  ( N E C  , H  I  * F T  , C R  , T  , E 9 , E E ,  B C R . B O Z )
1 2  C O N T I N U E
W R I T E ( 6 , 2 0 0 1 ) N U M N P  . N U M E L * N U M M A T , N U M P C , N U M C B C , N T S ,  D T , L F , L C * L S , L R




wR  I T E  ( 6 , 2 0 0 2 )
L  =  C
N F L A G = 0
5 6  R E A D ( 5 .  1 0 0 2 )  J . E ( J ) , P 0 ( J ) *  X C G N D ( J ) , S P H T ( J )  , Q X ( J ) , ( C L C ( J  •  I  )  , 1  =  1 , 3 )  
N L  =  L + 1
5 5  L - L  + 1
I F (  J - L )  5 0 , 5 1  , 5 2  
5 2  F R  =  ( Z M L ) - Z M  N L - t ) ) /  ( Z K  ( J ) - Z  M(  N L - l  ) )
E ( L ) = E ( N L - I ) + F R * ( E (  J  ) - E ( N L - l ) )
P C ( L  ) =  F C (  N L - l  ) + F R *  ( P Q  ( J  ) - P G (  N L -  1 ) )
X C O N D  ( L )  =  X C G N D ( N L - l  ) + F R * ( X C O N C (  J  ) - X C O N D ( N L -  1 )  )
S P H T ( L ) = S P H T ( N L — I ) + F R * ( S P H T ( J ) — S P H T ( N L — I ) )
C X  ( L  ) =  C X ( N L - 1  ) + F R *  ( CX (  J  ) - C X (  N L - l  )  )
D O  5 4  1 = 1 , 3
5 4  C L C  ( L  ,  I  ) = C L C (  N L - l  ,  I  ) + F R * {  C L C (  J ,  I  ) - C L C ( N L -  1 , 1 ) )
G C  T O  5 5
5 1  w R  I  T E ( 6 , 2 0 0 3 ) ( K , E (  K ) « P C ( K ) * X  C O N  0  (  K )  ,  S P H T  ( K ) , Q X ( K  ) ,  ( C L C ( K , I  ) , 1 = 1  , 3 )  
* , K = N L , J )
I F ( N U K N A T - J > 5 0 , 5 7 , 5 2  
5 0  W R I T E  ( 6 , 2  0 2 0 )  J  
S T O P
5 7  C O N T I N U E
I F ( N F L A G * E Q • 1 )  G C  T C  3 0 7  
I F ( N P C , h C , 2 ) G O  T O  2 0  
C O  T O  2  1
2 C C A L L  D A T A ( F I L M , F L U X  , W T , P R E S S )
GO T O  3  2 0  
2  1 C O N T I N U E
I F ( N P C . E Q . l )  C A L L  G E N A T E ( F T , N E C , 0 )
I F ( N F C . E G . I . A N C . N E C , N E * 2 )  G O  T C  1 5
R E A D  A N C  W R I T E  N C C E  D A T A
I F I N P C . L G . 1 . A N D . N E C . E G . 2 )  G O  T O  6 C
W R I T E  ( 6 , 2 0 0 4 )
L  =  0




6 0  L = J 9 1
6 8  R E A D ( 5  ,  1 0 0  J ) N , R ( t O  » Z <  N )  . C C D E ( N > » L H  ( N ) * U Z ( N  ) .  K Q O E ( N ) »  T S (  N ) • T I N T C N )
N L = L + 1 
Z X = N - L
I  F  ( N  •  E Q  .  1 ) G O T  0 7 0  
£ 9  J R = ( R C N ) - R ( L ) ) / Z x  
D Z  =  ( I  I is ) —Z ( L  ) ) / Z X  
7 0  L = L + 1
I F  ( N - L )  1 0 0  . 9 0 *  e O  
6 0  C C L ) E ( L ) = 0 .
K O C E ( L ) = K G D E ( L - t >
T I  N T ( L ) = T I N T ( L  —1 )
R < L ) = R ( L -  I  ) + D R  
Z  < L ) = Z <  L - i ) + D Z  
U R  < L >  = 0  •
U Z ( L ) = C .
T S ( L ) = 0 .
G C T C 7 0
9 0  WR I T E  ( 6 , 2 0 0 5 ) ( K , R ( K )  , Z ( K )  ,  C O C E ( K ) , U R ( K )  ,  U Z  ( K  ) * K Q D E  t  K )  » T S (  K ) »  T I N T t K  
♦  ) » K — M  » ► )
I F ( N U M N P - N  ) 1 0 0 , 1  1 0 . 6 3  
1 0 0  W R I T E  ( 6  , 2 0 0 6  ) N  
S T C F
R E A D  A N D  P R I N T  O F  E L E M E N T  D A T A  
1 1 0  WR I T E  ( 6  , 2 0 0 7  )
N =  0
I F  ( N P  C •  E G  •  1 ■ A N D  •  N E C  « E Q  ■ 2  ) G C  T O  1 3 1  
G C  T C  1 3 0
1 3 1  WR I T E  ( 6  , 2 0  0 8  ) I  N .  i  I  X (  N * 1  )  ,  I  = 1  ,  5 )  ,  B O C R t  N ) . B O D Z ( N )  , N = 1  , 3 7 2  1 
N =  3  7 2
1 3  C R E A C I S ,  1 0 0  A )  M ,  ( I X  ( M ,  I ) ,  1 =  1 ,  E ) ,  E O C R C M  )  . 6 Q C Z  ( M )
1 A C  N = N + 1
£ F ( M . L E . I M ) G O T C 1 7 0  







1 tt 1 
1 BO
I X (  N »  2 )  = 1 X ( N - 1  . 2 ) + 1  
I X (  N’ i 3  ) =  I X  ( N - l  , 3 )  +  l  
I X ( N . 4 ) = I X ( N - 1  » 4  ) + 1  
I  X ( N  . 5  ) =  I X  ( N -  1 . 5  ) 
b C D R ( N ) = d O D R ( N —1 )
E C C Z ( N ) = B O D Z <  N - l  )
* R I T E ( 6 . 2 0 0 t ) ) N . (  I X  ( N .  I  ) ,  I  = U  5 )  .  E O C R  ( N  ) « B O D Z ( N >
I F ( W . G T . N )  G O  TO 1 4 0  
I F I N U V E L . G T . N )  G C  T C  1 3 0  
i  C O N T I  N U E
C H E C K  E L E M E N T  D A T A  F O R  C O R R E C T N E S S  
I E R = 0
0  0  1 8 0  ^ = 1  * N U M E L  
1 = 1 X ( M ,  1 )
J = 1 X ( M *  2 )
K =  I X  ( N * 3  )
L = I X I N , 4 )
I F ( R <  J ) * ( Z ( K  ) —Z ( I )  ) + R (  I ) * ( Z ( J ) - Z < K ) ) + R  < K ) * ( Z I  I  ) - Z <  J  ) > . L T . . I E - 5 )  
♦ G C T C I  E l  
I F I K . E Q  . L I G C T C I B O
I F ( R ( K ) * ( Z ( L ) - Z (  I ) ) + R <  I ) * ( Z ( K ) - Z ( L )  ) + R ( L ) * C Z U ) - Z ( K ) ) . L T . . 1 E - 5 ) 
♦ G U T 0 1  8 1  
G C T C I a o  
I E R =  I E R +  1 
* R I T E ( e . 2 C 0 y ) M  
C O N T I N U E
D E T E R M I N E  B A N D W I D T H
J = 0
D 0 3 2 5 N = 1 . N U M E L  
D C 3 2 5 I  =  1 * 4  
D Q 3 2 5  L =  1 . 4
K K = I A B S ( I X (  N . I  ) - I  X ( N . L )  >
1 F I K K . L E . J ) G C T C 3 2 5  
J = K K
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I F  ( J . L T . 2 7 )  0GTO325 
I ER=I ER+1  
W R I T E ( 6 . 2 0 1 0 J N  
3 2 5  CONTINUt
I F ( IE R . G T . 0 ) STOP 
M6AND=2*J+2
C INCREASE EANCWICTH FOR CISPLACEMENT ECUAL b . C .  
I F C N P C . N E . 2 . A N D . L E C . N E . 1)  GO TO 4 C C 
I F ( VBANC. GT. 52 » GO TO 401  
MBAND=WBAND+2 
GO TC 4 CO 
4 0 1  WRITE (6 . 2 0 2 6  )
ST CP 
4 0 0  CONTINUE
C
C READ AND PRINT OF PRESSURE BOUNDARY CONDITIONS
I F ( NUWFC.EC.O)GO TO3 1 0 
WR IT E (6 .2 0  1 1 )
DQ300 C = l . NUMFC
RE AC < 5 . 1 0 0 5 )  I B C C L ) .  J B C ( L ) .  PR( L )
3 0 0  WRITE( 6 . 2 0 1 2 ) IHC CL) . JOCCl  ) . P R ( L )
C
C READ AND WRITE PQROLS BOUNDARY CARDS
3 1 0  I F t NU M C e C . E O . OJ GC T C 3 2 0  
WRITEC6 . 2  0 1 3 )
D 0301L=1.N LM CBC
READ( 5 . 1 C05)KBC( L ) . L B C ( L )  » F F ( L ) .TEC L )
3 0 1  WRITE( 6 . 2 0 1 2  )KBC CL ) . LBC( L ) . HFCL) .TEC L )
C
C I N I T I A L I Z E  THINGS FCR F I R S T  TIME STEP
3 2 0  D C 3 0 9 J = 1 . NUMEL 
SR C J )  = 0 . 0  
SZCJ ) = 0 . 0  
SRZC J  ) = 0 . 0  
S M  J )  =C.  0 








D s t F ( J > = 0 • o 
3 0 9  E F  < J ) =  0  •
0 0 3  1 1 J =  1 * N U M N P  
F D C T ( J ) = 0 *  0  
I F t L S  . E Q .  I  ) G O  T C  2 C 5  
T I N T t  J ) = 0 . G  
3 C 5  C O N T I N U E
3 1 1  N E I F E M J ) = 0  
N N 2 = 2 . * N U M N P  
D O  3 1 2  J = 1 . N N 2
3 1 2  B T E ( J ) = 0 •
D O  3 1  3  J = 1  < N U M P C
3 1 3  P T ( J I = 0 . 0  
T 1 M E = 0 .
N T = 0
X N  =  0 .  C
C
I F t L S . E G . 1 )  G O  T O  3 9 0  
1 F  ( N V P  « E Q  * 0  )  G C  T O  2 1 4  
C A L L  F L C T T l  1 )
C A L L  E O P L O T  ( O i l )
3 1 4  C O N T I N U E  
I F ( N P C  * E Q « 2 )  C A L L  P L O T T 1 3 )
S O L V E  F O R  I N I T I A L  D I S P L A C E M E N T S
C A L L  S T  I F F
C A L L  E A N S O L
C A L L  S T R E S S
L P  C AT E G E O M E T R Y  
U C  3 9 6  J = l . N U M N P  
T  I N T  ( J )  =  T I N T t  J  ) /  N E  I  F E N  ( J )








3 9 8  Z (  J ) = Z (  J ) + B ( 2 * J  )
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S L = ( 2 . 5 - ( Z (  1 ) + Z (  2 )  + Z ( 3 > + Z (  4 ) + Z (  5 )  ) / 5 . ) / 2 . 5
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4 1 0  C O N T I  N U E
I F ( N V P . E Q . O )  GO TC 4 1 1
C A L L  P L O T T ( 2 )
I F  ( N T S *  E Q *  0 )  C A L L  E O J O E  
4  1 1  C O N T I N U E
I F  ( N P C * E C *  2 )  C A L L  P L 0 T T I 3 )
3 9 0  C O N T I N U E
S C L V E  F R C B L E M  F O R  E A C H  T I N E  S T E P  ---------------------------------------------------------------------
I F ( N T S . E Q . O ) G C  T C  2  
D 0 3 N T = 1 . N T S
R E A D  P A R A M E T E R S  F O R  T H I S  T I M E  S T E P  
R  E A D ( 5 . 1 0 0 8  J M . N M C  . N N C . N E K . N P R C *  N P B C * I N T E R * N V P  
D 0 1 7 1 1 = 1 . N U M N P
u r  i n = o .
17 1 uz ( I ) = 0 .
D 0 1 7 2  1 =  l . N U M E L  
B O D R ( l )  = 0 .
1 72  e o c z i i ) = o «
D C 1 7 3 I = 1 . N U M P C  
1 7 3  P R <  I  ) = 0  •
C
W R I T E ( 6  * 2 0  1 4  ) NT  
C  U F O A T E  M A T E R I A L  D A T A
I F ( N M C * E Q . O  ) G Q T D  2 1 7
119
WR I  T E  ( 6  , 2 0  1 5  )
I F ( N P C . E C . l )  G O  T O  3 0 6  
0 0  3 1  6  K = 1  * N M C
R E A D ( 5 . 1 0  0 6 )  J , E ( J ) • P O  t  J ) • X C O N D { J  ) . S P H T  C J ) * G X ( J ) . ( C L C l J . I )  . 1 = 1  . 3 )
3 1  6  WR I T E  ( 6  , 2 0  1 6  ) J . E  ( J )  . P C ( J ) . X C C N D C J  > .  S P H T  (  J  )  , Q X  < J  )  •  ( C L C  ( J . I  ) , I = 1  ,  3 )
3 0  6  L = 0
N F L A G = 1  
G C  T C  5 8  
3 C 7  C A L L  C E N A T E t F T  . N E C  . 1 )
C
C  L P C A T  E N O D A L  D A T A
3 1 7  I F  (  N N C .  E C .  0 )  G 0 T 0 3 1 8  
W R I T E ( 6 . 2 0  1 7  )
D C 3 1 9 1 = 1 , N N C
R E A C ( b , l 0 0 7  )  J  * U R  ( J  ) , U Z  (  J  ) »  T  E M P  
w R I T E t  6 ,  2 0 1  6 )  J , U R (  J  ) ,  U Z (  J  ) • T E M P  
3 1 9  T S ( J ) = T E ( J J + T E M P
C
C  U P C A T E  E L E M E N T  D A T A
3 1 8  I F ( N E K . E Q . O )  G O  T O  3 3  0  
WR I T E  1 6  , 2 0  1 8  )
□ 0 3 2 6 J = 1 . N E K
R E A C ( 5  , 1  0  0 7  )  1 . B O O R  (  I  ) ,  B C D Z  (  I  )
3 2 6  w R l T E ( 6 * 2 0 1 6 ) I , E O  C R ( I ) , B O D Z (  I  )
C
C  U P D A T E  F R E S S U R E  E Q L N C A R Y  C A T A
3 3 0  I F ( N P R C . E Q . 0 ) G O  T C  2 3 E  
W R I T E  ( 6 , 2 0 2 0 )
D 0 3 2 7 J =  1 , N P R C  
R E A D ( S , 1 0 0 7 ) I , P R ( I )
3 2 7  W R I T E  ( 6  , 2 0 1 6  ) I  , P R (  I  )
C
C  U P C A T E  P O R O U S  B O U N D A R Y  D A T A
3 3 E  I F  ( N P B C . E G . O )  G O  T O  3 2 9  
W R I  T E  ( 6  , 2  0 2  1 )













R E A D (  5 .  1 0 0 7 ) 1 * H F ( I  ) *  T E M P  
WR I T E  < 6  . 2 0  1 6 )  I  , H F ( I ) . T E M P  
3 2 8  T E  < I  ) = T £ ( I ) + T E M P  
3 2 9  C O N T I N U E
C O M P U T E  I N I T I A L  S T R A I N S  D U E  T C  F L G W  A N D  U P D A T E  T I M E  
I F  ( L F . E C .  0 )  C A L L  F L O W  
XM =  M
I F I L F  . E C . 1 > T I M E = T I M E + M * D T  
I F t L S  . E C  .  1 ) G 0 T 0 3  
V O L T = C .  C
S E T  U F  D I S P L A C E M E N T  M E T H O D  E Q U A T I O N S  
3 1 5  C A L L  S T I F F
I F  ( N P C .  NE .  2  )  G O  T O 4 5 1  
V O L  T = V O L T  * 4 .
I F t N T . E C . 1 )  V O L T T = V O L T  
V O L T  = ( V C L T T  - V O L T ) / . 0 6 1  
W R I T E  ( 6 . 2  0 2 5 )  V O L T  
4 5 1  C O N T I N U E
S O L V E  D I S P L A C E M E N T  M E T H G D  E Q U A T I O N S  F O R  I N C R E M E N T S  O F  D I S P L A C E M E N T S  
C A L L  B A N S C L
C O M P U T E  S T R E S S E S  A N C  U P D A T E  T H E M  
C A L L  S T R E S S
U P D A T E  G E O M E T R Y  
D C 3 9 9 J = 1 . N U M N P  
R < J ) = R ( J ) 4 E ( 2 * J - 1 )
2 9 9  Z (  J ) = 2 ( J ) + B ( 2 4 J )
C  W R I T E  D I S P L A C E M E N T S  A N D  N E W G E O M E T R Y  
W R I T E  ( 6  . 2  0 2 2 )
W R I T E ( 6 , 2 0  2 3 ) ( J . R ( J ) , Z ( J  ) . 8 (  2 4 J - 1 ) . E ( 2 * J )  . J = l  . N U M N P )
I F I N P C . F E . 2 )  G O  T O  4 5 2










4  1 2
3
5 0 0  
5 0  1
10 0 0 
1 0 0 1  
1002 
1 0  0 3  
1 0 0 4
S L A T T = R  ( 2 0  ) - l  .
S L A T M = R ( 3 0 ) - l .
S L A T B = R t  4 0 ) - 1 •
I F ( N P P . E G . O )  G C  T O  4 5 3
S L G T ( N T ) = S L
S T T ( N T ) = S L A T T
S M T (  N T  )  =  S L A T M
S B T ( N T ) = S L A T B
H R T ( N T ) = T I  ME
W R I  T E  (  6 . 2 0 2 7 )  S L
WR I T E  ( 6  . 2 0  2 0  ) S L A T T  , S  L A T  M.  S L  A T B  
C O N T I  N U E
I F ( N P C - E 0 . 2 )  C A L L  P L 0 T T ( 3 )
I F t N V F . E G .  0 )  G O  T O  4 1 2  
C A L L  P L C T T ( 2 )
C C N T I N U t  
C O N T I N U E
I F ( N V F . E C . l )  G O  T O  5 0 0
G O  T O  5 0 1
C A L L  E C F L O T ( 1 * 1 )
C A L L  E O J O B  
C O N T I  N U E
I F I N P C .  EQ . 2 . A N 0 . N P F  » N E  . 0  > C A L L  P L 0 T T ( 4 )
R E T U R N  T O B E G I N N I N G  T O  C O N S I D E R  A N O T H E R  P R O B L E M .  
G O T  C 2
F O R  N A T !  2 0 A 4 )
F O R M A T ! ! 1 I 5 . E 1 0 . 3 . 2 I 5 )
F O R M A T  ( 1  B . 8 E 9 .  3 )
F C R M A K  1 5 ,  2 F  1 0 . 0  . F S . 0 . 2 E 1 0 . 2 .  1 5 .  2 E 1 0 .  3 )  
F O R M A T !  6 1  5 . 2 E 1  0 .  3  )
I F  A N Y
10 0  5  
1 0 0 6  
1 0 0 7  
1 0 0 8




2  0 C 0 
2001
F G R M A T  I P I 5 . 2 E 1 0 . 3 )  
F O R M A T  (  1 6  * 8 E 9  •  3 )  
F O R M A T { 1 1 0  . 7 E 1 0 . 3 )  
F O R M A T ( 1 6 1 5 )
F O R M A T  !  2 8  A 1 )  
F C R M A T I 4 E 1 0 . 0 * 2 1 1 0 )  
F O R M A T ( 2 1 4 , 8 E 9  . 0  ) 
F O R M A T  ! S E 1  0 .  0 )
F O R M A T ( 








*  LOW * * I S
2 0 0 2  F O R M A T ( 
* E F .  OF
* A* »:T1 1 2
2 0 0 3  FORM A T (
2 0 0 4  F C R M A T (
* T6  C* • LX
2 0 0 5  F O R M A T (
2 0 0 6  F O R M A T !
H I  * 2 0  A 4 )






S I Z E  OF
NOCAL P O I N T S --------------------- ' . 1 3  /
E L E M E N T S ------------------------------- • . 1 3 /
D I F F .  M A T E R I A L S -------------- ' . 1 3  /
P R E S S U R F  C A R D S ---------------- * . 1 3  /
P O R O U S  B O U N D A R I E S -------- * . 1 3  /






CF T I M E  S T E F S -  
T I M E  I N T E R V A L * » E  1 2  • 4 /
O P T I O N  S W I T C H E S *  1 I N D I C A T E S  I G N O R I N G  E F F E C T  « . 1  5 ,  ■ F
C R E E P  * * 1 5 * '  S T R E S S  A N A L Y S I S * * 1 5 . *  E Q U I L .  C O R R . '  )
1 M A T E R I A L  P R O P E R T I  E S  * / I X . T 4 ,  ' N O • * • T 1 4 • • E * . T 2 8 , » N U • * T 3 6 .  * C 0  
CON . *  * T 5 0  *•  C O E F .  OF D l  S C H G .  • • T C 6  • • D I L I T  A T I ON*  •  T 8 5 *  * H • * T 9 9  t  • 
•B • >
HO * I 5 . 8 E 1 4 . 7  )
I N O D E  P O I N T  DAT A * / 1 X * T 4  * • N O • ' *T 1 5 . * X * * T 3 0 . * Y * * T 4 1 * ‘ C O D E '  •
i T 7 5  * • UY • * T 8 7 . * C C D E * . T 9 5 .  *P OR
>* A
FL O to * ,  T 1 1 0  . *  I N I T I A L P» )
X ,  1 5 . 2 F 1 5 . 7 . F 8 . 2 . 7 X , 2 F 1 5 . 7  * 1 8 • 2 F  1 5 . 7 ) 
O NODAL P C I N T  CARD E R R O R  N =  1 5 )  
1 E L E M E N T  C A T  A • /  IX * T 4 ,  * N 0 .  * * T 1 0 .  * 1  • T 2 02 0 0 7  F CR MAT !
* . T 2 9 » * M A T #  * » T 3 5 »  *X BODY F O R C E *  , T 5 0 * *Y BODY F O R C E * )
2 0 0 8  F O R M A T ( 6  I S * 2 6 1 5 * 7  )
2 0 0 9  F O R M A T ! * O E R R O R  I N  DATA FOR E L E ME N T  * . 1 5 )
2 0 1 0  F O R MA T !  ' O B A N D W I D T H  GT 2 7  F O R  E L E M E N T  * . 1 5 )
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2 0 1 2  FORMAT ! l  H , 2  1 1 0  •  2 E  1 5 .  7 )
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2 0 1 4  F C R M A T I ' O U P O A T E  F C R  T I M E  S T E P  • . 1 5 )
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c
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C
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C
D I M E N S I O N  T I E (  3 )
DOUBLE P R E C I S I O N  CS 
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K = I X ( N * 3 )
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E L = E ( M T Y P E )
V = F C ( M T Y P E )
T E M P = E F ( N )
C
FORM S T R E S S - S T R A I N  R E L A T I O N S H I P
C Q M M = E L / ( 1 . - V - 2 . * V * V )
C (  I . 1  ) =COMM* ( 1  . - V  )
C ( 1 . 2  )=COMM*V 
C ( 2  * 1 ) - C (  1 . 2 )
C ( 2 . 2  ) = C ( 1 .  1)




C t 1 * 3 > = 0 .
C  ( 2 *  3  ) =  G .
C ( 3 * 1  )  =  0  .
C  C 2 , 2 )  =  0 .
T I E ( 1 ) = T E M P  
T I E ( 2 > =  T I E I 1 )
T I  E {  3  > =  0 .
EZC=0 .
C  A D D  I N I T I A L  S T R A I N S  O L E  T C  C R E E P  A N D  F L C W  
I F ( L C  . E  C .  I ) G C  T C  2 C C  
I F ( T I M E . E O . 0 . )  G O  T O  8 9  
X C T  =  N D T
C D ^ C L  C ( M T Y P E , 3  )
D E L T = X D T * D T
T I N 2 - ( T I M E * * < C 0 + 1 .  ) - ( T  I W E - C E L T > * * ( C C +  1 .  ) ) / I ( C D  +  1 . ) * C E L T ) 
T I M 2 = E X F (  t  1 . / C D  )  * A L C G t  T I M 2 )  J 
T S E F = S E F ( N )
T E M = C L C  ( M T Y P E  , 1  ) *  T S E F  *  * C L  C C MT  Y P E  * 2  )  *  D E L T  
*  * (  1 . / (  T I M 2 * * ( - C C )  ) >
G C  T Q  2 0  1 
2 C 0  T E N = 0 . 0  
2 0 1  C O N T I N U E  
S X = S R ( N )
5 Y =  S Z  ( N )
S X Y = S P Z ( N )
T I E ( 1  ) = T  I E  ( 1 )  + T E M ♦ ( S X —S Y ) * «  7 5  
T  I E  ( 2 )  =  T I  E ( 2 ) + T E M *  < S Y - S X  ) * . 7  5  
T  I E  ( 3  ) = 3 . * T E M * S X Y  
6 9  D C 9 0 M = l * 3




FORM CL A D R I  L A T E R A L  S T I F F N E S S  M A T R I X
R R r t  ( 5  ) =  <R (  I  ) + R (  J  ) 4 R < K  ) + R ( L >  > * . 2  5  
Z Z Z ( 5 ) = M Z C  I ) + Z  ( J ) 4 Z ( K  > + Z ( L  )  ) * . 2 S  














F R R (  M ) = R ( M M )
2 Z Z  ( M ) = Z ( * V )
D O  1 3 0  1 1 =  1* 1 0  
P E { I  I  ) = C .
P C ( 11 1 = 0 ,
P (  I  I ) = 0 . 0  
D O  1 2 0  J J = l , 6  
H H ( J J . I  1 } = 0 . 0  
D O  1 3 0  J J = 1 . 1 0  
S S ( 1 1 . J J ) = 0 . 0  
S  ( 1 1  ,  . J  1 = 0  . 0
1 F ( K . N E . L ) G C  T C  1 5 C  
C A L L T F I S T F C 1 , 2 , 3  , N >
R R R  1 5 )  =  ( R R R ( 1 ) + R R R ( 2 1 + R R R ( 3 ) > * . 3 3 3 3 3 3 3  
Z Z Z i S  )= ( Z Z Z ( 1 ) * - Z Z Z ( 2 1 + Z Z Z (  3 )  ) * .  3 3 3 3 3 3 3  
V G L = X  1 ( 1 )
V G L O ( N ) = V O L  
V Q L T = V O L  T + V Q L  
T P ( 1 1 = 0 . 0  
T P ( 2 ) = S R  ( N ) * V C L  
T F (  3 ) = S R Z < N ) * V O L  
T P ( 4 ) = 0 . 0  
T P ( 5 ) = S R Z ( N ) * V 0 L  
T P ( 6 ) = S Z ( N ) * V C L  
D O  1 7 0  1 = 1 * 1 0  
D O  1 7  0  K =  1 * 6
P C ( I  > = P C (  I > + H H ( < ,  I  ) * T P ( K  )
R E T U R N
V C L = 0 . C
C A L L T R 1 S T F ( 4 , 1  , 5  , M  
V C L = V  C L  +  X 1 ( 1  )
C A L L T R  I S T F  ( I  , 2 , 5 ,  M  










C A L L T  f i l S T F ( 2 * 3 * 5 * N )
V G L = V C L + X  1 ( 1 )
C A L . L T R I  S T F ( 3 * 4 * 5  * N  )
V D L = V O L + X I ( 1 )
V C L C (  M  =  V O L  
V O L T = V C L T + V C L
C
D O  1 6 0  1 1  =  1 « e  
D C  1 6 0  J J = 1  * 1  0  
1 6 0  H H  ( U  « J J  > = H H U  I  » J  J )  4 . 2 5
C
TP<n=o.o 
T F ( 2 ) = $ R ( N ) * V O L  
T P  ( 3 )  =  S K Z ( M * V C L  
T F U ) = C . Q  
T P  ( 5  ) = S R Z ( N  > * V C L  
T P ( 6 ) = S Z ( N ) * V Q L  
D O  1 3 0  1 = 1 * 1 0  
D S  =  0 *
C O  1 8 1  K = 1  . 6  
1 6 1  D S = D S + D E L E { H H ( K *  I )  > * O B L E ( T P < K  ) ) 
1 8 0  P C (  I ) = D S + P C ( I )
C









S U B R O U T I N E  S T I F F
C
4 * 4 4 4 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  * * * * * * * * * * * * * * * * * * * * * * * * * « * «
C C N M C N / F R C B P R / D T . T I M E . N V P . N D C .
4NUMN3 . N U M E L .  NUMMAT• N U M P C . N U M C E C . N T S * I N T E R  » L F . L C , L S * L R . N O T . N T . X M
C
C C N M O N Z N A T / E ( 3  9 1 . P Q t  3 9  ) .  X C O N C ( 3  9 } • S P H T ( 3 9  ) * Q X ( 3 9 > , C L C ( 3 9 . 3 )
C
C C N N C N / N O D D A T / R ( 4 6 0 ) • Z ( 4 6 0  ) . C C O E ( 4 6 0 ) . U R ( 4 C O ) . U Z ( 4 6 0 ) . T S ( 4 6 0 ) ,
* T I  NT (  4 6 0 )  * E T E (  9 2  0  ) * P C O T (  4 6 0  ) . N E  I F E N  C4 6 0  ) .  K C OE (  4 6 0 )
C
C C * N C N / E L D A T A / E F ( 4  2 0  ) . S R  ( 4 2 0  ) . S Z (  4  2 0  ) .  S R Z (  4 2  0 )  , S E F ( 4 2 0 >  . 0 S E F ( 4 2 0  ) .  
* S N ( 4 2  0 )  .  BOD R ( 4 2 0  ) •  EODZ ( 4 2 0  ) . I X ( 4  2 0 , 5 ) . Z M ( 2 4 )
C
CON N C N / A R G / f i f i R ( 6 ) . Z Z Z ( 5 ) . S ( 1 0 . 1 0 ) . P ( 1 C ) . T T ( 3 ) . L M ( 4 ) , C C ( 3 . 3 ) .
* F H ( 6  « 1 0  ) .RR ( 4 )  . Z Z  ( 4  ) .  C (  3 .  3 )  •  H ( 6  •  1 C ) 1 0 ( 6  . 6  )  •  F  ( 6  •  1 0  )  . T P ( 6 )  .X 1 (  3)  .  
* P E ( 1 0 ) . P C ( 1 0 ) . E Z O , S S ( 1 0 . 1 0 ) . F F ( 6 . 1 0 ) . 6 ( 6 . 6 )
C
C G N M O N / E C U N C / H F ( 1 0 0  ) * T E ( 1 0 0 ) . P R ( 1 0 0  ) . I 6 C ( I C O ) . J B C U  CO) * K E C ( 1 0 0 ) .  
* L B C ( 1 0 0 ) , P T ( 1 0 0 )
C
C O M M O N / S O L E O / A S I 4 6  0 . 2 7 ) . B S ( 4 6 C ) » MEAND »N L MB L K . N B A N D
C
D I M E N S I O N  A ( 1 0  6 . 5 4  ) . B(  9 2 0 ) . B C (  5 2 0 ) . B E (  9 2 0 ) . B P (  9 2 0 )
C
E Q U I V A L E N C E  ( A S (  1 ) . A ( 1 ) ) . ( A S ( 5 8 3 3 ) . E (  1 ) ) • ( A S ( 6 7 5 3  ) . B C ( 1  ) ) •
* ( A S ( 7 6 7 3 ) . B E ( 1 ) ) •  (  A S ( 8 5 9 3 )  . E P ( 1  ) )
C
D I M E N S I O N  E F ( 5 4 )
C I N I T I A L  I Z A T I C N
C * * * * * *  4 * * * * * * * * * * * * * * * * *  * * * * * * * * * * * * * * * * 4 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
RE In IN C 2 
NB = 2  7 
N D = 2 * N B
129
N D 2 = 2 * N D  
S T O P = C .  C 
N U M B L K = 0
C
C 0 5 0 N = 1  * N D 2  
S (  N )  =  C .  C 
D Q 5 0 M =  1 « ND 
5 0  A ( N»  M)  =  C«  0
N N 2 = 2 * N U M N P  
O O A 5 J  = 1  « N N 2  
B E ( J  ) = 0  .
B  F  ( J  ) = 0 . 0  
A 5  B C ( J ) = 0  •
C
C F ORM S T I F F N E S S  M A T R I X  I N
C
6 0  N U M B L K = N U N B L K + 1 
N H = N B * ( N U M E L K + 1 )
N M = N H - N B  
N L = N M —N E + 1 
K S F I F T = 2 * N L - 2  
N X = K S H I F T + 1  
N Y = N U M B L K * N D
C
C O 2 1 0  N= I ,  NUMEL
C
I F t I  X ( N , 5 > . L E . O J G C  T O  2 1 0  
D C 8 0 I  = 1 *  4
I F ( I X ( N .  I )  . L T . N D G C  T C  6 0  
I F  ( I X  ( N » I ) .  L E .  NM ) 0 0  TO 9 0  
8 0  C O N T I N U E  
G C T 0 2  10
C
9 0  C A L L  C U A C ( N i V C L )
C
t
B L O C K S






O C l  5 0  J  I  = 1  •  9  V P S
C O S  (  1 1  . 1 0  ) / S (  1 0  * 1 0 )
C S  = S S  ( 1 1 . 1 0 )  / S S t  1 0  .  1 0  )
P C (  1 I  ) = P C ( I I ) - C S * P C ( l 0 )
P E  (  1 1  ) =  F E ( I  I  ) —C C * P E (  1 0 )
P (  I  I  ) =  P ( I I ) - C C * P ( 1 0 )
O G 1 5 0 J  J  = 1 . 9
S S  ( 1 1  » J J )  =  S S ( I I . J J ) - C S * S S ( 1 0 . J J )
1 5 0  S ( 1 1 . J J ) - S ( I  I  * J J ) - C C * S ( 1 0 . J J )
c
D o i e o u = i ,  e  
C C = S (  I I  . 9  ) / S ( 9 . 9 )
C  S = S S ( 1 1 * 9 ) / S S ( 9 . 9 )
P C (  I I  )  =  F C <  1 1 ) —C S  + P C  t  9 )
P E  ( I I  )  =  F E (  I I ) - C C * P E ( 9 )
P (  I I  ) = P (  I I ) - C C * P ( 9 )
D 0 1 6 0 J J = l . e  
1 6 0  S (  I  I . J J  ) = S ( I I . J J ) — C C * S ( 9 . J J )
A D C  E L E M E N T  S T I F F N E S S  T C  T O T A L  S T I F F N E S S
1 6 5  C U 1 6 6  1 = 1 . 4
1 6 6  L M I )  = 2 * I X ( N ,  I  ) - 2
C
D C 2 0 0 I - 1 .  4
C 0 2 0 0  K=  1 . 2
1 1  = L M I  ) + K - K S H I F T
I K = L M  (  l ) + K
K K = 2 * I - 2 + K
e C (  I K  ) = 8 C (  I K  ) + P C  ( K K )
B E ( I K ) = B £ (  I K ) +  F E l K K )
E ( I I ) = B ( I I ) + P ( K K  )
D C 2 0 0  J = 1  . 4  
C 0 2 0 0 L =  1 . 2
J  J = L M  ( J )  +  L — I  I + 1 - K  S H I F T  
L L = 2  *  J —2  + L
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I F  t J J  . L F . O  ) G C  T G  2  C C
A ( I  I , J J )  =  A (  I  I t J J ) + S ( K K . L L )
2 0 0  C O N T I N U E  
2 1 0  C O N T I N U E
C
C  A D D  C  C N C E N T R A T E D  F O R C E S  W I T H I N  B L O C K
C
D O 2 5 0 N = N L *  NM
I F  ( N  . G T .  N U M N P )  G C  T C  2 6 0  
K = 2 * N - K S H I F T  
K 2  = 2 * N
B E  ( K 2 ) = E E ( K 2 ) + U Z ( N  >
E E I K 2 - 1 )  =  B E ( K 2 - l  ) + U R ( N )  
B ( K ) = B ( K ) + U Z ( N )
8  (  K— I  ) =  B ( K - l  ) + U R ( N )
2  5 0  C O N T I  N U E  
2 6 0  C O N T I N U E
C
C B O U N D A R Y  C O N D I T I O N S
C
C  1 .  P R E S S U R E  B . C .
C
I F (  N U M P C . E C . O  > GQ T O  3 2 0  
D 0 3 0 0 L = 1 . N L F F C  
i = i e c ( D
J =  J B C  (  L  )
P P = P R ( L ) / 6  *
P P T = P T ( L ) / 6 .
D Z = ( Z ( I ) - Z < J ) ) * P P  
D R = (  R (  J  ) - R (  I  ) )  * P P  
C Z  T — ( Z (  I  ) — Z (  J  ) > * P P T  
D R T  =  ( f i (  J ) - R (  I )  )  * P P T  
R X = 3 . 0  
Z X = 3 . 0
I  1 = 2 *  I - K S H I F T  





1 2 = 2 * 1  
J 2 = 2 * J
I  F t  I I  . L E . O . O R . I I  . G T . N O G Q  T C  2 3 0  
B P t I  2 )  =  E P (  I 2 ) + R X * D R T  
B P  (  I  2 — 1 ) = B  P  1 1  2 —1 ) + R X * C Z T  
E  { I I — l  )  = B <  I  I — I  ) + R X * C Z  
e t { I J  =  B  < I  I > + R X * D R  
2 3 0  I F (  J J . L F . O . O R .  J J . C - T . N O G Q  T U  2 0 0  
B P  { J 2  > = Q F (  J 2  ) +  2 X  * O R T  
E P ( J 2 - 1  > = B F l J 2 - 1  ) +  Z X * D Z T  
E (  J J - l  ) = B (  J J -  1 ) + Z X  * O Z  
B ( J J ) = B ( J J ) + Z X * D R  
3 0  C C O M  [ M i :
C  A P P L Y  E C L I I L I B R I U M  C O R R E C T I O N
3 2 0  I F ( N T . E Q . 0  . O R . L R . E C . 1 1 G O  T O  3 1 0  
D C  3 3 2  J = N X * N Y  
I F ( J . G T . N N 2  ) G C  T C  J 1 0  
K = J —K S H I F T  
3 3 2  E ( K )  =  f i ( K ) + B T E  ( J ) —S C ( J ) +  6 P ( J )
C
C 2 .  D I S P L A C E M E N T  E . C .
C
3 1 0  D 0 4 0 0 M = N L . N H
I F ( M . G T . N U M N P ) G O  T O  4 0 0  
L = L R ( M  >
N = 2 * M —1 —K S F I F T  
I F ( C Q C E ( M ) . E Q . 4 .  )  G O  T O  4 0 0  
I F ( C O  D E ( M ) * E Q . 5 • )  GO T O  4 0 0  
I F ( C O D E ( M ) . E Q . 2 « ) G C  T O  3 9 C  
I F ( C C C E ( M ) . E Q . O . ) G O  T O  4 0 0  
I F ( C O C E ( M ) . E 0 . 3 .  ) G C  T O  3 8 0  
C A L L M C C I F Y { A . 8 . N D 2 , M B A N D . N . U > 
G 0 T 0 4 C C
3 8 0  C A L L M O D I F Y ( A . B . N D 2 • M B A N D * N .  L )
3 9 C  U = U Z ( M )
























C A L L M C D  I F Y ( A * S *  N D 2 *  M B A N D * N * U )
C O N T I N U E
D O  4 1 0  K = N L • N H
I F  ( M «  GT • N i l  P»KP 1 G C  T O  4 1 0
I F ( C O D E t M ) . E Q « 4 . )  G C  T O  4 0  1
I F t C C D E  ( M )  . E Q . 5 .  )  G O  T O  4  C 2
G O  T O  4 1 0
N R = 2 * M -  l - K S H I F T
N U f t = N R - 2
C A L L  D I S P E O ( N U R . N R )
G O  T C  4 1 0  
N Z = 2 * N - K S H 1 F T
N U Z = N Z - 2
C A L L  D I S P E O ( N U Z * N Z )
C O N T I N U E
W R I T E  E L O C K  O F  E Q U A T I O N S  O N  T A P E  A N D  S H I F T  U P  L O W E R  B L O C K
W R I T E  ( 2 )  < E ( N )  , (  A I N  *M )  , M =  1 *  N B A N D  } * N = t , N D >
D C 4 2 0 N = 1 . N D  
K=s N + N D
b ( m = b ( k )
B ( K ) = 0 . 0  
D O 4 2 0 V = 1 • N C  
A t N  *M ) =  A ( K , M )
A ( K * M ) - C . O
C H E C K  F C R  L A S T  B L O C K
I F ( N N . L T . N U M N P ) G Q  T O 6 0
U P D A T E  P R E S S U R E  F O R  E Q U I L I B R I U M  C O R R E C T I O N  
I F  ( N U K F C .  E C . O )  G O  T O  4 2 4  
DO 4 2  3  J = 1 , N U M P C  
P T ( J ) = F T ( J ) + P R ( J )
V P S
134
4 2 4  C O N T I N U E
C 4 4 4 4 * * * * * * * * * * * * * * * * * * * 4 4 4 4 4 * 4 4 * 4 4 4 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
C ADD E X T E R N A L  F O R C E S  ADDED IN T H I S  T I M E  S T E P  TC TCTAL E X T E R N A L  F O R C E S  F C R  LATE
C R L S E  I N  E Q U I L I B R I U M  C O R R E C T I O N
I F (  M S . E Q . O . O R . L R .  E Q - 1  ) GO T C  4 2 1  
D 0 4 2 2  J = 1«  NN2 
4 2 2  B T E ( J ) - E T E ( J ) + B E ( J  )
4 2 1  I F ( S T O P  * £ 0  • 0 • ) R E T U R N  V P S




SLEROUT INE D I 5 P E G ( N . M )
C C M M O N / S O L E Q / A S t 4 6 0  . 2 7 ) . B S ( 4 6 0 ) . M B A N D . N U M B L K . N B A N D
D I M E N S I O N  A t  1 0 6 . 5 4 )  . B  ( <52 0
EQUIVALENCE ( ASt 1 ) .  At 1 } ) • ( AS ( S e 3 3 ) . B (  1 > )
I F ( N . G T . 5 4  ) GO T C 1 0
G C  T O  2 0
1 0  N N = 1 0 O - M
D O  3 0  L = 1 . N N
A 1 5 5 - L . N + L - 5 5 ) = A ( 5 5 - L , N + L - 5 5 )  +  A ( 5 5 - L , M + L - 5 4 )
3 0  A ( 5 5 - L . M + L - 5 4 ) = 0 . 0  
R E T U R N
2 0  A  ( N . I  )  = A (  N*  1 ) + 2 .  * A ( N , M ~ N + 1  ) + A  t M ,  I  ) *  2 .
N N = N - l
D C  4 0  K = 1 , N N  
4  C A ( N —K » K  + 1 ) = A ( N - K  . K + 1 )  +  A t N - K . M - N + K +  I  )
N N =  M— N
DO 5 0  K = 2 , N N  
5 0  A t  N . K )  =  A{ N , K ) + A { N + K - l . M - N - K + 2  )
N N = M - N + 2
D C  6 0  K = N N , 5 4
A ( N  , K  ) = A  ( N  . K )  + A  t  M.  K - M + N )
6 0  A t  M,  K - M + N )  = 0 . 0  
N N = M - 1
D O  7 0  K = 1 , N N  
7 0  A t  M—K « K + 1 ) = 0  . 0
A t  N . M - N + I  )  = —A t  M,  1 )
B ( N ) = E ( N ) + E ( M )
B  ( M =  C . C





S U B R O U T I N E  S T R E S S
C O  M MC N / F R O B P R / D T  ,  T I  M E . N V P  . N D C  «
♦ N L M N P . N U M E L  . N U M M A T « N U M F C . N U M C E C , N T S . I N T E R . L F , L C , L S , L R . N O T  *  N T  » X  M
C
C O M  M O N / N A T / E ( 3 9 )  . P C  ( 3  9 )  , X C G N D (  3 9  ) *  S P H T (  3 9 )  . Q X  ( 3 9  ) , C  L C  (  3 9 .  3  >
C
C O M N C M / N C D D A T / R (  4 6 0  ) . Z ( 4 6 0 ) . C O D E ( 4 6 0  )  , U R ( 4 6 0 )  . U Z  ( 4 6  0 )  •  T S I 4 6 0  )  .
♦  T I N T ( 4 6 0 ) . B T E ( 9 2 0 )  . P O O T  ( 4 6 0 ) • N E I F E N ( 4 6 0 ) * K 0 D E ( 4 6 0 )
C
C O M M O N / E L  D A T  A /  E F  ( 4  2 0  ) * S R (  4 2 0  ) .  S Z (  4 2 0 ) ,  S R  Z  ( 4 2  0  ) .  S E F  ( 4 2 0  )  » D S E F  ( 4 2  0  ,
♦  S N C 4 2 0  ) , B C D R (  4 2 0  ) .  E 0 C Z (  4 2 0 )  •  I X  ( 4 2 0  ,  5  ) ,  Z M  ( 2 4 )
C
C O M M O N / A R G / R R R I & ) . Z Z Z ( 5 ) , S ( 1 0 . 1 0 ) • P (  1 0  ) • T T ( 3 ) . L M ( 4 )  • C C ( 3 , 3 ) ,
♦ H H  < 6 , 1 0  ) , R R ( 4  )  * Z Z  ( 4  ) .  C (  3 .  3  > ,  H (  6  .  1 0  ) .  D (  6 ,  6  ) ,  F (  6  .  1 0  ) ,  T P  ( 6  > .  X I  < 3 )  .
♦  P E  ( 1 0  ) , F C <  1 0 ) , E Z 0 .  S S (  1 C .  1 0  ) .  F F (  6 ,  1 0  ) . G  (  6 . 6 )
C
C O M M O N / S  C L E G / A  S (  4 6 0 , 2 7 )  ,  E S  ( 4 6 0  . M B A N D .  N U M B L K  . N d  A N D
C
D I M E N S I O N  B ( 9 2  0 )
C
E Q U I V A L E N C E  ( A S ( 5 8 3 3 ) , E ( 1 ) )
C
D I M E N S I O N  S I G ( 7 )
* ♦ * ♦ ♦ ♦ ♦ * ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ * ♦ * ♦ * * * ♦ * ♦ ♦ ♦ ♦ ♦ * * ♦ ♦ ♦ * ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ * ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦  
C O M P U T E  E L E M E N T  S T R E S S E S  
< ; ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ * * * ♦ ♦ ♦ ♦ * ♦ ♦ ♦ ♦ * ♦ ♦ ♦ * ♦ ♦ 4 * 4 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
M P R I N  T = 0
C
D 0 3  C 0 M  =  1 . N U M E L
C
N = M
I X ( N , 5  ) = I A B S ( I X ( N . 5 ) )
M T Y P E = I X ( N . 5 )
E L - E ( M T Y P E )
V = P C (  *TY P E )
C
C A L L  C U A D ( N . V C L )
I X ( N . 5 ) = M T Y P E
C
C 0 1 2 0  1 = 1  . 4  
1 1 =  2 *  I
J J = 2 * I M N .  1 )
P (  1 1 — 1 )  = B  ( J  J - l  )
1 2 0  P ( I I ) = E ( J J )
C
D O  1 5 0 1 = 1  * 2  
R R (  I  > = F  ( 1  +  8 )
D C 1 5 0 K =  1 * 8  
1 5 0  R R  ( I  ) = R F I (  I  ) ~ S (  I  +  8 . K )  * P { K )
C
C C V M = S  ( 9 . 9 )  * S ( 1  0 . 1  C ) - S C 9 ,  1 0  ) * S (  1 0  . 9 )
I  F t  C O M M  . E O . O  •  ) G 0  T O  1 6 0
P ( 9  > =  ( S  (  1 0 *  1 0  ) * R R <  1 ) —S (  9 , 1 0 ) * R R  ( 2 )  l / C C M M  
P t  1 0 )  = t - S ( l  0 . 9  ) * R R  ( 1 > + 5 ( 9 . 9 )  * R R  ( 2 )  ) / C O P M
C
1 6 C  D C 1 7 0  1 =  I *  6
T P ( I ) = C . O  
D O l  7 0 K  =  1 *1  0  
1 7 0  r P ( I  ) = T P ( I  ) + H H ( I  * K )  * F ( K )
C
C
R R ( 1 ) = T P ( 2 )
R R ( 2 ) = T P ( 6 )
P R ( 3 ) = T P ( 3 1 + T P 1 5 )
R R ( 4 )  =  0  ■
C
D C 1 8 3 1 =  1 , 3  
S I G (  1 )  =  —T T ( I  )
D O  1 8 0  K =  1 . 3  
















SIGC A ) =V*  ( S  I G (  1 ) 4S  1G( 2 )  )
CALCULATE INITIAL PRESSURE
I F t N T . E Q . O ) GO TC SO 
GC TC 60 
50 SIGQCT=< S I G U  ) * S I G ( 2 >  J / 2 . 0  
SIGCCT=SIGOCT*QX(MTYPE)
□0 1 0 0  1=1 *A
L M ( I ) = I X ( N , I )
NN=LM( I )
TI  NT < MO=T I NT ( NN) — SIGOCT 
NEIFEN INN >=1+NEI FEN(KN)
IF (NN.EC.  IXC N. 4)  } GO TO 60  
100  CONTINUE 
60 CONTI MJE
UPDATE STRESSES
S R ( N ) = S R ( N ) + S I G ( 1)
S 2 ( N ) - S 2 1N) +SIG C 2 >
SRZIN ) = S R Z < N ) + S I G ( 3)  
S N ( N ) = S M N ) + S I G (  4 )
C * * * + * * * * * * * * * * 4  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
C C L T P U T  S T R E S S E S
C
C  C A L C U L A T E  P R I N C I P A L  S T R E S S E S
C
C C = (  SRI  N ) + S Z ( N  )  ) * . 5  
B B = ( S R ( N ) - S Z ( N ) ) * . S  
E B S I G = 8 e * * 2  + S RZ ( N 1 * * 2  
CR = SORT t E E S I G )




S I  G (  6  J - C C - C R  
S I G 4  =  S R Z ( M
E6T = a a
S  I G  ( 7  ) =  2 8 . 6 4 7 8 9  * A T  AN 2 (  S  I  G 4  . B B T  >
C  C G M P l i T E  E F F E C T I V E  S T R E S S  A N D  I N C R E M E N T  I N  E F F E C T I V E  S T R E S S  
D S E F (  N ) = S E F (  N >
S E F ( N )  =  ( S I G ( 5 ) —S I G ( 6 )  ) * . 5  
D S E F ( N ) = S E F { M - D S E F ( N )
I F ( M P R I N T . N E . O )GC T C  2 9 0  
W R I T E  ( 6 . 2 0 0 0 )
MPR IN T= 2 9  
2 9 0  M P R I K T = * P R I N T - 1
C
3 0 0  W R I T E  ( 6 . 2 0  0 1 ) N . S R C N ) . S I G (  l ) . S Z ( N ) . S  I G ( 2  ) . S N ( N ) • S I G ( 4 ) . S R Z ( N )  .  
* S I G ( 3  ) . S E F ( N ) . D S E F ( N ) . S I G ( 5 ) . S I G (  6 ) » S I G ( 7 )
RETURN
C
2 0 0 0  F O R M A T  (  •  1 E L E N *  .  T 1 0 .  * S X * . T 2 0 . *  C S X *  . T 3 0 . * S Y  * . T 4 0 .  * D S Y  • .  T 5  C *  * S Z  •  •
♦  T 6 0  .  * DSZ* .  T7 0  .  • T AU * *T 6 0 .  *DTAU • .  T 9 0 .  * T A U M * . T 1 0 0 ,  »DTALM* . T U O . ' S l  *
*  T I 2 0 . *  5 2 * . T 1 2 8 . *  ANG* )












C * * * * * * * * *  * * * * * * * * * * * * * * *  * * * * * * * * *  * * * * * *
S t E R O U T I N E  T R I S T F (  I  I .  J J . K K . N )
C
C  C N M C N / F R O E P R / C T , T I M E , N V P , N D C *
* N U  M N P  . N U M E L ,  N U M M A T  * N U M P C . N U M C B C . N T S ,  I N T E R ,  L F  , L C  , L S  , L R  » N C T  •  N T  » X N
C
C G N M C N / N A T / E ( 3 9 )  , P 0 (  3 9 ) ,  X C O N D (  3 9  )  .  S P H T  (  3 9  )  , 0 X  (  3 9  )  , C L C (  3 9 . 3 )
C
C C ►M C N / N O O C  A T / R ( 4 6 0  ) , Z ( 4 6 0  ) , C O D E i 4 6 C > , U R C 4  6 0 ) , U Z ( 4 6 0 ) , T S ( 4 6 0 ) ,  
* T I M ( 4 6 0 ) , B T E (  9 2  0  , P C O T <  4 6 Q ) « N E  I F E N ( 4 6 0  ) , K 0 0 E ( 4 6 C )
C
C O M M O N / E L D A T A / E F ( 4  2 0 ) , E R t 4 2 0 ) , S Z ( 4 2  0  ) •  S R Z * 4 2 0 ) , S E F ( 4 2 0 )  . D S E F ( 4 2 0 ) ,
* S M  4 2 0 ) , B O  C R ( 4 2 0 ) , B C D Z ( 4 2 0  )  •  I X  { 4 2 0 , 6 ) , Z M 2 4 )
C
C C M M Q N / A R G / R R R ( 6  ) , Z Z Z ( S )  * S ( 1 0 *  I C ) . P ( I O ) , T T ( 3 ) , L M ( 4 )  . D C ( 3 , 3 ) ,
♦ H H ( 6  * 1 0 )  , R R ( 4 ) , Z Z ( 4 ) * C ( 3 , 3 ) , H ( 6 , 1 0 ) . 0 ( 6 , 6 ) * F ( 6 , 1 0 ) , T P ( 6 )  * X I ( 3 ) ,
* P E ( 1 0  ) , F C ( 1 0 ) , E Z C , S S ( 1 0 ,  1 0 ) , F F ( 6 ,  1 0 ) . G ( 6 , £ )
1 .  I N I T I A L I Z A T I ON
L M  ( I ) = I I  
L M ( 2 ) —J J  
L M  ( 3  ) =  K K 
C
R R  (  1 )  =  R H R ( I I  )
B R ( 2 ) = R R R < J J )  
R R ( 3 } = R R R ( K K )  
R R ( 4 )  =  R B R (  I I  )  
Z Z ( l ) = Z Z Z ( I I )
Z Z ( 2 ) - Z Z Z ( J J )  
Z Z ( 3 ) = Z 2 Z ( K K )
Z Z ( 4 ) = Z Z Z ( I I )
C
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© m o  • * >*
in mi




u  u  © u
u 
u
D O  1 0  1 J = 1  , 6
1 0 1  G ( I . J ) = C ( I * J ) + G ( I « J )
4 .  F C F M  C C E F F I C I E N T —C I S P L A C E M E N  T T R A N S F O R M A T I O N  M A T R I X
C O t l  . 1 ) = ( R R ( 2 ) * Z Z (  2  ) —R RC 3 )  * Z Z ( 2 )  l / C O M M  
D D (  1 *  2 1 = { R R < 3 1 * Z Z ( 1 ) - R R ( 1 ) * Z Z ( 3 1 l / C C M M  
D D ( 1 . 3 ) = ( R R ( l ) * Z Z I 2 ) - R R < 2 1 * Z Z ( 1 ) l / C O M M  
C D ( 2 , 1 ) = ( Z Z ( 2 ) - Z Z ( 3 ) l / C O M M  
D D t 2 * 2 1 = ( Z Z ( 3 ) —Z Z  t  1 ) l / C O M M  
D D ( 2 * 3 ) —( Z Z t l > - Z Z ( 2  )  ) / C C M M  
D O  ( 3 . 1  ) =  ( R R  (  2  ) —R R  ( 2 )  ) / C C M M  
C D ( 3 . 2 1 = <  R R {  I  1 —R R  1 3 ) 1  /  C O M M  
C D  ( 3  . 3  ) = I R R  ( 2 ) - R R (  1 )  l / C O M M
0 0 1 2 0  1 =  1 * 3  
J = 2 * L M < I > - 1  
H ( 1  ,  J l - D D ( 1 * 1 )
H ( 2 *  J ) = C D ( 2 • I )
H (  3  » J  ) = D D (  3 . 1  1 
H ( 4 .  J + l  ) = D D (  1 .  I )  
H t  5  . J  +  l  1 = D D  ( 2 .  I  ) 






5 .  F O R M  E L E M E N T  S T I F F N E S S  M A T R I X  < H ) T * < D ) * ( H >
D O  1 3 0  J =  1 .  1 0  
D C 1  3  0 K  =  1 .  6
IFIH(K.J). E O . O . ) G C  T O  1 3 0  
D C l 2 9 1 > 1 . 6
F F  ( I . J ) = F F ( I  • J )  +  D ( I » K ) * H ( K . J  )
V P S
V P S
1 2 9  F t  I . J  ) = F (  I . J ) + G ( I  . K ) * M K . J )
1 3 0  C O N T I N U E
C
D O  1 4 0 1 =  1 . 1 0  
D C  1 4 0 K =  1 .  6
143
I F ( H ( K *  U . E C . O  , ) G O  T O  1 4 0  
0 0  1 3 9  J =  1 ,  1 0
S S t I , J ) = S S t I  •  J )  +  h (  K *  I  ) ♦  F F ( K  •  J  )
1 3 9  S t  I * J  )  =  S (  I  , J ) + H ( K » I  ) * F t  K ,  J >
1 4 0  C O N T I N U E




I S O  B R = B O D R ( N )
B Z = 0 O D Z t  N )
T P ( 1 ) = B R * X I ( 1 J
T P ( 2 )  = B R * X I t  2  1 + X I  (  1 ) * T T  1 1 )
T P t 3 ) = B R * X  1 1  3  )  + X  1 1 l ) * T T t  3 >
T P t  4 ) = E Z * X I ( 1 )
T P t  5 ) = B  2 4  X I t  2 ) + X I  1 1 ) * T T 1 3 )
T P t 6 )  = B Z * X  I t  3  ) + X I (  1 ) * T T  t 2  )
D O  1 6 0  1 =  I  •  1 0  
D C 1 G 0 K = 1 , 6  
1 6 0  P t  I ) = P t I ) + H t K , I » * T P t K )
C
I F  { L R . E C . D G O  T O  4 C 0
T F t  2 )  = B R * X I ( 2 )
T P t 3 ) = B R * X I 1 3 )
T P t  5 )  = B Z * X  I t  2  )
T P  t 6 )  = B 2 * X  I t 3 )
D C l  7 0 1  =  1 • 1 0  
D 0 1 7 0 K = 1 , 6  
1 7 0  P E  ( I  )  = F E t  I ) + H t K ,  1 ) * T P < K )
C
C  F C F M  S T R A I N  T R A N S F O R M A T I O N  M A T R I X
C
4 0  C 0  C 4  1 0 1 = 1 * 6  
0 0 4 1 0 J = 1 * 1 0  















£ * * * * * * * * * * * * * * * * * * * * * * * *  * * * * * * * * * * * * * * *  
C * * * * * 4 t * * * * * * * * * * * * * * * * * *  * * * * * * * * * * * * * * *
SLEROUT INE MOO I FYt  A »8 »NE C *MBAND.  K.  U)
C
0 I MENSION A( 1 0 8  * 5 4 ) * B ( 1 0 8 )
0 ( K l  = B ( K ) - A <  N, M)*U 
A( N, M)  =  C.  0 
2 5 0  C C M  I NUE
A( N . l  ) = 1 . 0  
b  (N)=U 
RETURN
* * * * * * * * * * * * * * * * * * * * * * * *  * * * * * * * * * * * * * * *
C
D O 2 5  0 M —2 i M b AND 
K =  N - M + l
I F ( K . L E . O ) G O  T O  2 3 5  
B ( K )  = 8 ( K ) - A ( K ,  M)*L 
A t  K *M ) =C* 0
VPS
VPS
2 3 5  K - K + M - l










S U 8 R 0 U T I K E  BANS OL
C
C 0 M M C K / S O L E Q / A S ( 4 6 0 . 2 7 ) ,  B S ( 4 6 0  ) ,HM ,  NUMB LK ,  KB AND
C
D I MENS I CN A( 1 0 8 ,  5 4 ) , B( S 2 C )
C
EQUIVALENCE ( AS(  1 ) , A( 1 ) ) . ( A S ( 5 0  3 3 ) , B (  I ) )
C





N E = 0
GOTO ISO
C 4 4 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
REDUCE EQUATIONS BY BLCCKS  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
1 .  S HI F T  BLOCK OF EQUAT IOKS
1 0 0  NE = NB + l
0 0 1 2 S N = 1 , NK 
NM=NN+N 
B ( K  ) = B( KM)
B ( KM) = Q. O  
DO 125M= 1 ,NM 
A ( K, M) =A( NM ,M )
1 2 5  A(  KM, H 1 = 0 . 0
2 .  READ NEXT BLOCK CF ECUATIONS INTO CORE
I F ( N U MB L K , E C * N B ) G C  TC 2 C 0  V P S
1 5 0  CCKTIKUE
R E A D ( 2 )  ( B ( N ) , ( A ( N , M ) , M= 1 ,  M M ) , N = N L , N H )












3 *  REDUCE BLCCK OF EQUATIONS
2 0 0  D 0 3 G 0 N = 1 i N N
I F (  A t  N ,  1 )  . E Q . O . )  GO T O  3 0 0  
B ( N ) = : B ( K ) / A ( N « 1 )
D 0 2 7 5 L = 2 • MM
I F ( A { N , L ) - E Q . O . ) G C  TO 2 7 5  





I = N + L - I
J = C
D O  2 5 0  K = L * M N  
J = J + 1
2 5  C A  (  I  •  J  ) = A  (  I  •  J  )  —C * A  t  N t  K ) 
e  ( I  > =  E l  I ) - A ( N * L  ) * E ( N )
A I N , L ) = C  
2 7 5  C O N T I N U E  
3 C C  C O N T I N U E
4 .  W R I T E  B L O C K  O F  R E D U C E D  E Q U A T I O N S  O N  T A P E  I
I F ( N U K B L K . E C . N B J G C  T O  4 C 0  V P S
W R I T E  ( I  > I  B ( N ) « (  A I N . M )  # M = 2  .  H ¥  ) •  N =  1 ,  N N  )
G O T O  1 0 0
* * * * * * * * * * * * * * * 4 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 4 * * * * * * * * * *
B A C K — S U B S T I T U T I O N
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
4 0 0  0 0 4 5 0 N = 1 * N N
N = N N + 1 - M  
D 0 4 2 5 K = 2  »MM 
L= N+K—1 
4 2 5  B ( N > = 8 < N ) - A ( N « K > * B < L »
n m = n + n n  
B  t  N M ) = B ( N )
4 5 0  A ( N N »  N B ) = B ( N )
N £ = N  B — 1
148
I F ( N B . E C . O ) G G  T O  5 0 0  V P S
B A C K S P A C E  I
R E A D ( 1 )  ( 8 ( K ) *  ( A ( N * M } * M = 2 .  MM ) »  N — 1 * N N  >
B A C K S P A C E  I  
G D T D A O O
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
C O R D E R  U h K N C W N S  I N  E  A R R A Y
C * * * * * * * 4 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
5 0 0  K = C
D O C O O  K Q =  1 •  N U M B L K  
D O e O O N = I . N N  
NM-N+hN 
K = K + 1  
6 0 0  B ( K )  =  A ( K M * N B  )
C





SUBROUTINE D A T A ( H*F L U X , W T , P R E S S )
CCMMON/NOCCAT/R(  4 6  0 ) , Z ( 4 6 0  ) , CODE( 4 6 0 > , U R ( 4 6 C) , U Z ( 4 6 0 ) , T S ( 4 6 0 ) •
♦ T I NTt  4 6 0 )  , B T E (  9 2  0 ) .  FOOT ( 4 6 0 ) * N E I F E N ( 4 6 0 ) » K Q D E ( 4 6 0 )  
C 0 * P C N / ' E L D A T A / E F ( 4 2 0 )  , S R ( 4 2 0 ) , S Z (  4 2 0  ) • SRZ C 42  0) * S E F ( 4 2 0  ) *DSEF ( 4 2 0 )  .  
* S N ( 4 2 0  ) ,BQDR ( 4 2 0  ) tBCDZ ( 4 2 C ) «  I X(  4 2 0 * 5  ) • ZM ( £ 4  )
CO A NO N / F R O B P R / D T • TI ME. NVP• NDC *
♦NLMNP . N L M E L , N U N M A T . N U M F C . N U M C E C , N T S , I N T E R » L F , L C , L S , L R , M , N T , X M  
C C F M O N / E O U N D / H F ( 1 0 0 ) * T E ( 1 0 0  > , F R < 1 0 0 ) . 1 B C ( I  C O t J B C ( I  0 0 ) * K 0 C ( 1 0 0 ) ,  
♦ L B C ( 1 0 0 ) » P T ( 1 0 0 )
C C * N O h / S C L E C / A S (  4 6 0 • 2 7 ) « B S ( 4 6  0 )  •PBAND* NLPBLK*NBAND 
N CC— 1
WR I T E ( 6  * 20  0 4 )
DO 1 0 0  £ - 1 , 5 1 , 5  
X I - I -  1 
X I = X I  / 5 .
CODE( I ) = 1 •
KCDE( I ) = 0  
T I N T ( l ) = 0 . 0  
U R ( I ) - C , 0  
UZ(  I ) = 0  . 0  
TS ( I ) = 0 . 0  
R ( I ) = 0 . 0  
Z (  I ) = 2 . S - X I * . 2 5  
DO 1 0 0  J = l , 4  
I + J
R ( N )  = R ( N - l ) + . 2 5  
Z ( M = Z (  b - l  )
I F ( I . E Q . l )  GO TO 101  
GO TO 1 0 2  
1C1 C O C E ( N ) = 5 . 0  
GC TC 1 0 3  
1 0 2  COCE( N)  =0  . 0  
10 3 K 0 D E ( M = 0  
TI NT ( N) =0 •
U R ( K > = 0 .
U Z ( N ) = 0 .
150
1 0 0  T S I N ) —0  •
T S ( 1 ) —F L U X  * • 1 2 5  
T S  t  2 ) = F L U X 4 * 2 5  
T S  (  J) = T S (  2  )
T S  < 4 ) = T S l 2  )
T S ( 5 ) = T S ( 1 )
C O D E C  S I  ) =  3 . 0  
C O D E C  5 2 ) = 2 « 0  
C 0 D E C S 3  ) = 2  . 0  
C O D E C  5 4 ) = 2 • 0  
C O D E C  5 5  ) = 2 . 0
W R I T E ( 6  * 2  0  C 5 ) ( K « R C K ) . Z < K ) * C C O E C K ) • U R C K  ) , U Z C K  ) • K O O E C K ) • T S C K  } • T I N T C K  
* )  * K —1 . 5 5  )
W R I T E  1 6 . 2 0 0 7 )
M =  0
D C  2 0 C 1 = 1 *  3 7 *  4  
M= M  + 1 
I  I  =  I  +  N - 1 
I  X C I  .  l ) =  I  1 + 5  
I X  C I .  <2 ) — I  1 +  6  
I  X ( I  .  3  ) =  I  I  +  1 
I X C I  . 4 )  = 1 1  
I X C  I . 5  ) =  1 
B C D R C I > = 0 .
ED C Z  C 1 ) = 0  •
D O  2 0 0  J = l . 3  
M = I + J
I X ( N . 1 ) =  I  X I  N —1 . 1  ) + I  
I X  I N .  2 ) = I X C N — 1 * 2 )  +  1 
I X C N * 3 ) = I X ( N — 1 . 3 ) + 1  
I  X C K1 . 4 )  — I X C N — 1 . 4  > + 1  
I X  I N . £ )  =  1 
B O D R C  N ) = 0 .
2 0 0  B U D Z  C N ) = 0 *
W P I  T E C 6 . 2 0 0 B )  I N *  C I X C N . K ) .  K =  1 .  5 )  * B O O R  ( N  )  •  B O C Z C  N ) * N =  1 . 4 0  )
N B A  N D =  1 6
L E  C = 1
MR I T  E ( 6  * 2 0  1 1 )
N U M P C  — I  4
P Y = W T / 4 . + P R E S S * . 9 5 C 9  
D C  2 0 1  N =  1 * 1 0  
N N = N - 1
I B C ( N > = 5 5 - r » N * 5  
J B C (  N ) =  i e C ( N  ) — 5  
2 C 1  P R ( N ) =  F  R E  S  S
DO 2 0 2  N = 1 1 .  1 4  
N N = N - 1 1 
l eCCN ) = 5 - N N  
J B C ( N ) - I 8 C ( N ) - 1  
2 C 2  P R ( N ) = P Y
W R I T E  ( 6  . 2  0  0 0 )  ( I B C (  L  ) *  J E C C L  )  . P R  ( L  ) *  L = t .  1 4  >
N U M E C = 4  
W R I T E ( 6 . 2 0 1 3 )
D O  2  0 3  N = l * 4  
N N =  N - 1
K B C (  N  ) = 5 1 + N N  
L B C ( N  ) = K B C ( N )  + 1 
H F ( N ) = H  
T E ( N  > = 0  . 0
2 0  3  W R I T E  ( 6 * 2 0 1 2  ) K E C (  N  ) * L E C ( N  )  * h F  ( N  ) * T E  (  N )
1 0 0 0  F O R M A T ( 4 F 1 0 . 0 >
2 0 0 0  F  C R M A T ( 1 H  * 2 1 1 0 . 6 1 5 , 7 )
2 C C 4  F C R M A T ( • I N O D E  P O I N T  D A T A ' / I X  * T 4 *  • N O  * , * T 1 5 * t X , * T 3 0 *  * 7 *  » T 4 1 * • C O D E * * 
* T 6 0 , * U X  * . 7 7 5 .  * U Y  •  ,  T 6 7  .  •  CO C E * .  T 9 5  .  •  P  C R  F L O W  • ,  T 1 1 0 *  ■ t  K I  T I A L  P * )
2 0 0 5  F O R M A T  U X .  1 5  . 2 F 1 5  . 7  , F 8 .  2 .  7 X  . 2 F 1  5 ,  7 ,  I 8 . 2 F 1 5 . 7 )
2 0  0 7  F O R M A T ( * 1 E L E M E K T  D A T A 1 / 1 X * T 4 . « N 0 . • * T 1 0  * • I • . T 1 5 * • J • • T 2 0 .  * K * . T 2 5 . ' L *  
* .  T 2 9 ,  *M A T . *  * T 3 5 * *  X B O D Y  F O R C E  • •  T S O *  •  Y E O D Y  F O R C E * )
2 0 0 6  F O R M A T  ( 6 1 5 *  2 E 1  5 ,  7 )
2 0 1 1  F O R M A T ( * 1 P R E S S U R E  B C U N D A R Y  D A T A  * / l X . T 1 0 * •  1 * . T 2 0 * 1 J *  * T 2 7 • * P R E S S U R E •
* J
2 0 1 2  F O R M A T  (  1 H  , 2 1 1  O e 2 E  1 5  * 7  )
2 0 1 3  F O R M A T ( * 1 P C R C U S  E O U N C A R Y  C A T A * ✓ I X . T 1 0 . • I • , T 2 0 . • J • , T 2 7 , * C O N S T A N T * *
152




S U B R Q L T I N E  G E N  AT  E ( F  . N E C  . N F L G  )
C Q N V O N / F R C B P R / D T . T I M E . N V P . N C C *
♦ N U M N P  » N U M  E L . N U F M A T  •  N U M P C  . N U M C B C . N T S .  I  N T E R . L F . L C  . L S  . L R  «M * N T  » XW 
C O M M O N / * A T / E ( 3 9 ) . P C ( 3 9 ) . X C O N C t 3 9 ) . S P H T ( 3 9 ) . Q X ( 3 9 ) . C L C ( 3 9 * 3 )  
C C W M O K / N O D D A T / R (  4 6 0  ) . Z  ( 4 6 0  ) . C C D E (  4 6  0 1 *  U R (  4 6 0 )  « U Z ( 4 6 0 )  * T S ( 4 6 0 )  *
* T  I  N T ( 4 6 0 ) « B T E ( 9 2 0 ) * F O O T ( 4 6 0 ) » N E  I F E N ( 4 6 0  ) . K 0 D E ( 4 6 0 )
C O M M O N / E L  C A T A / E F ( 4 2 0  ) * S R ( 4 2 0 ) * S Z ( 4 2 C ) * S R Z ( 4 2 0  > * S E F ( 4 2 0 )  . D S E F ( 4 2 0 ) *  
*  S N  ( 4 2 0  ) , B G D R  ( 4 2  0 )  * B C D Z ( 4 2 0  ) •  I X (  4  2 0  * E ) . Z M ( 2 4 )
I  F  ( N F L G  * E Q  •  1 )  G 3  T O  6  
MR I T E  ( 6  . 1 0 0 0  )
D O  1 C C  1 = 1  . 3 9 1  
Z (  1 ) = - Z ( l  ) * . 1 * F  
R (  I ) =  R ( I  )  4 .  1 * F
1 0 0  M R I T E ( 6  . 1 0 0 1 ) I . R ( I ) . Z ( I ) , C O D E ( I  ) • U R ( I ) * U Z ( 1 ) . K O D E ( 1  ) . T S ( I ) . T I N T ( I  ) 
I F ( N E C . E Q . 2 ) G O  T C  6  
D O  1 0 1  1 = 3 9 2 . N U M N P
1 0 1  WRITE ( 6  .  1 0 0 1 )  I »R ( I ) • Z ( I ) . C O D E  ( I )* UR( I  ) * U Z (  I ) *K0 CE( I ) .  TS ( I  ) *T INT ( I )
W R I T E  ( 6 . 1 0 0 2 )
6  C O N T I N U E  
I  =  - l
D C  1 4  N = 3 1 • 3 9  
1 =  1 + 2
E ( N ) = I E ( I ) + E (  1 + 1  ) ) *  . 5  
P O ( N  ) =  ( P 0 (  I  > +  P C (  I  +  l  )  ) * . 5  
X C C N O ( N ) = ( X C O N  C ( I ) + X C O N D ( I  +  l  )  ) * . 5  
S P F T  (  N ) =  (  S F H T l  I  )  + S P H T  { I  +  l  )  ) * . S  
Q X ( N )  =  ( Q X (  I ) + O X (  I + l  ) >*. S  
D O  1 5  J = 1 .  3  
1 5  C L C ( N . J ) = ( C L C 1 I . J ) + C L C ( I + 1 . J ) > * . 5  
I F ( N . E O . 3 4 )  1 = 2 9  
I  F  ( N *  E Q . 3 6 )  1 = 7
1 4  C O N T I N U E
I F ( N F L G . E Q . t ) R E T U R N  
I F ( N E C * E Q . 2 )  R E T U R N  
D O  2 0 0  N = 1 • N U H E L
2  0 0  W R I T E  ( 6 .  1 0 0 3  ) N » (  I X ( N . W )  . M = l  .  5  ) .  B C D R (  N  ) .  B O D Z ( N  )
1 0 C C  F O R M A T !  • 1 NODE P O I N T  DAT A ' /  IX ,  T  4 ,  ' N O  •  • ,  T 1 5 .  '  X * * T 3 0  * * Y ' . T 4  1 t ' C O D E  • » 
* T 6 0 • ' U X '  »T 7 5 *  ' UY • • T Q 7 .  • C O C E '  . T 9 5 • ' P  OR F L O W • . T 1 1 0 .  • I N I T I A L  P ' )
1 0 0 1  F O R M A T !  I X  •  I S  . 2 F I  S .  7 ,  F 8  . 2 .  7 X  .  2 F  1 S .  7 ,  I  8 . 2 F I  5 . 7 )
1 0 0 2  F O R M A T !  * 1  E L E M E N T  0 A T A * / 1 X * T 4 . ' N 0 . ' . T 1 0 , ' I ' . T 1 E . * J ' , T 2 C .  ' K ' , T 2 5 , ' L '  
♦  * T  2 9  * '  M AT •  * • T  3  5 •  * X  B O D Y  F O R C E ' »  T 5 0  * * Y B O D Y  F O R C E ' >
1 0 C 3  F O R M A  T ( 6  1 5  •  2 E  1 5 * 7 )




COMMON/  N O D C A T / R <  4 6 0  ) ,  Z t  4 6 0  ) «  CODEC 4 6 C > • UR ( 4 6 0  ) . U Z ( 4 6 0 )  . T S C 4  6 C )  *
*T I N T ( 4 6 0 ) * E T E ( 9 2  0 ) . P D Q T ( 4 6 0 i , N E I F E N ( 4 6 C ) • KCDE C4 6 0 )
COMMON/ E L DAT  A / E F C 4 2 0 ) » S R C 4 2 0 ) • S Z < 4 2 C ) , S R Z ( 4 2 0  ) . S E F ( 4 2 0 ) . D S E F ( 4 2 0 ) .  
* S N  ( 4 2  C) . B C 0 R C 4  2 0  ) •  E 0 0 2 ( 4 2 0  ) •  IX < 4 2 0 .  5  ) .  ZMC 2 4 )
0 1  M E N S  I O N  I X E 1 { 3 5 4 ) *  I X E 2 C 3 9 9 ) *  I X E 3 ( 3 9 6 ) •  I X E 4 ( 3 9 5 ) . 1 X E 5 1 1 3 6 ) . I X E 6 C 4  
* 2 0 )
E Q U I V A L E N C E  ( I X C  1 )  . I X E 1 C 1 ) ) .  C I X C 3 5 5 ) . I X E 2 ( 1 ) ) • 1 1  X ( 7 5 4 ) • I X E 3 ( 1 ) ) • ( I  
+  X ( U 5 C ) ,  I X E 4  ( I  )  ) •  (  I X C  1 5 4 5 )  . 1 X E 5 C 1 )  > . l  I X C  1 6  6 1  ) . I X E 6 C 1  )  )
R E AL R /  0 •  .  1 6  * .  3 2  a .  4 8 * * 0 * .  1 6 *  . 3 2 * . 4 3 * . O s . d a .  16  • •  2 4 a  • 3 2  a i 4 G «  « 4  8 «  ,  0 * ,  
* 8 * . 1 6 * . 2 4 *  « 3 2 «  «4 0 • i 4 S  t < 0  < « 8 • t  1 6 *  . 2 4 * . 3 2 # » 4 C * . 4 8 * * 0 * . 8 * * 1 6 *  » 2 4 a  .  3 2  * 
* » 4 0 # * 4 8 # » 0  a « 4  a .  8  a . 1 2 a . 1 6 a . 2 C a . 2 4 a . 2 8 *  , 3 2 a * 3 6 *  , 4 0  a * 4 4 a * 4 8 a « 0 a * 4 a  * 8 a
* » 1 2  a « 16 i t  2 0  •• 2 4  a ,  2 8  a a 3 2  # * 3 6 # , 4 C # * 4 4 # » 4 8 # . 8 * 4 8 #  * Oa • 4 a a 8 a « 1 2 a t l 6 a a  2 0
* a t 2 4  a *2 6 a * 3 2 * . 3 6 * . 4 0 * . 8 * 4 4 *  a Oa a 4 a * 8 a *  1 2 * * 1 6 * . 2 0 * * 2 4 * * 2 6 a , 3 2 s * 3 6 * * 4  
* 0 a . 4 0 a , 4 0 .  . 4 0 .  . 4  0 . . 4 0 * .  4 0  •  l 0 * t 2 a i 4 a l 6 a i E a » l C * i l 2 a t l 4 a i l 6 * « 1 8 a  * 2 0  a a 
* 2 2 a * 2 4 a  * 2 6 a * 2 8 a *  3 2 a  t 3 6 a * 3 6 a * 3 6 a * 3 6 a  * 3 6 a * 3 6 a * 0 a  * 2 *  l 4 a • 6 a  * € a * 1 0 * * 1 2 a
*  * 1 4 a  * 1 6 a *  I  8  a* 2 0  a » 2 2 a  * 2 4  a * 2 6  a * 2 8  a* 5 *  3 2 * * 0 *  * 2 *  a 4 a  * 6 *  * 8 * * 1 0 * *  1 2 a *  1 4 a *  
* 1 6 *  * 1 8 *  * 2 0  a * 2 2  a •  2 4  a * 2 6 a *  9 * 2  8  a » 0 a * 2 a * 4 a * 6 a * 8 a * 1 0 * * 1 2 a * 1 4 a * l 6 a * 1 8 a * 2  
* 0 a » 2 2 a * 2 4 a * 8 * 2 6 a * 0 a * 2 a * 4 * * 6 * * 8 a *  1 0 *  * 1 2 a  * 1 4 * * 1 6 * * 1 8  a * 2 0  a * 2 2  a * 7 * 2 4  a * 
* 0 * * 2 * * 4 * * 6 a * 8 * * t 0 a * 1 2 a * 1 4 a * 1 6 a * 1 8 * * 2 0 a * 6 * 2 2 * * 0 a * l a « 2 a * 3 a * 4 a * 5 a * 6 a *  
* 7 .  . 8 .  * 9 . 1  1 0  a* 1 1 .  * 1 2 .  * 1 3  a * 1 4  a*  1 5  a* 1 6  a* 1 8 .  . 2 0 -  . 4 * 2  Oa * 0 * * 1  a * 2  a * 3  a * 4 *  •
♦ S #  * 6 *  * 7 * * 8 a * 9 * a  1 0 * .  l l a . 1 2 a . 1 3 a . 1 4 a . 1 5 a . 1 6 a *  4 *  1 8  a . O a  * l * * 2 a . 3 a * 4 a * 5 a
♦  • 6 * » 7 # * £ #  . 9 *  * 1 0 a |  1 1  a .  1 2 a *  1 3 * .  1 4 * * 1 5 * .  7 *  1 6 * .  Oa*  1 a . 2 a . 3 *  * 4 *  * 5 *  * 6 *  . 7  a 
+ * 8  a * 9  a .  10 a .  1 l a .  1 2 *  . 1 3 #  * 1 4 * .  6 * 1 5 # .  O a .  l a .  2 a .  3 a  * 4 * .  5 * * 6 * .  7 * .  8 a .  9 a  * t  0  a 
* . 1 1 * .  1 2 # « 1 3 a « 5 * 1 4 a  * 0  a * 1 a . 2 a . 3 a . 4 a . 5 a . 6 a . 7 a . 6 a . S a . 1 0 a . i l  a .  1 2 a *  4 *  1 3 *  
* . 0 a  . 1  a . 2 * . 3 * * 4 * .  5 * .  6 * .  7 a .  6 * * 9 * . 1 0 . . 1 1 a *  3 *  1 2 a * 0 a * l # * 2 a * 3 a . 4 a * 5 a * 6 a *  
* 7 * * 8 *  * 9 * * 1 O a . 2 * l l * . 0 * . l * * 2 a . 3 * « 4 * * 5 * * 6 a . 7 * * B * . 9 a . l O * .  6 9 * 0  * /
RE A L  Z / 4 *  1 0 0 *  * 4 * 8 4 .  . 7 * 6 8 .  . 7 * 6 0  . . 7  * 5 2 .  * 7 * 4 4 .  . 1 3 * 3 6 * .  1 3 * 3 2 *  . 2 8 .  * 2 4 .  *
♦  2 0 *  *1 6 a  * 1 2 * . 8 * . 4 a  .  0  a .  1 2 * 2 8  a a 2 4  a * 2 0  a .  1 6 a *  1 2 * * 8 *  * 4 *  . 0 * .  1 1 * 2 4  a .  2 0  a * 1 6  
* a  * 1 2 #  . 6 *  . 4 *  . 0 * .  1 7 * 2 0 * .  1 6 *  * 1 2 a  . 6 *  * 4  a . O a *  1 5 *  1 8 a * 1 6 a  . 1 2 * . 6 # . 4 * . 0 * . 1 5 *  
* 1 6 * .  1 4#  . 1 2 *  . 1  0 a . 8 a . 6 a  . 4  a .  2  a a 0  a * 1 4 * 1 4 a  * 1 2 #  a 1 O a * 8 a * 6 * * 4 a  * 2 a . 0 *  . 1  3 *  1 2  
* * . 1 0 a . 8 * . 6 a . 4 # . 2 a * O a . l 2 * l C a . 8 a * 6 a . 4 a * 2 a a O a . l 9 *  8 a  * 6 *  * 4 * . 2 * * 0 a  * 1 7  * 7 *  
* . 6 a * 4 a . 2 * . 0 * .  1 7  * 6  a * 5  a * 4 * » 3 * » 2 a »  1 a* 0  a* 1 6 * 5 * .  4* . 3 *  * 2  a . 1  a . O * .  1 5 *  4  a * 3 a  
* . 2 a . l a . 0 * . l  4 *  3 * .  2 « .  l a . 0 a . 1 3  * 2  a * 1 a * 0  a * 1 2 *  1 a . O .  . 1 0 * 0 *  .  6 9 *  C* /
DATA I X E 1 / 1 . 2 * 3 . 5 ,  5 ,  6 , 6 . 7 . 7 . 9 .  1 0 .  1 1 . 1 2 . 1 3 . 1 4 . 1 6 . 1 7 . 1 8 . 1 9 . 2 0 . 2 1 * 2 3 .  
* 2 4 . 2 5  . 2 6 . 2 7 , 2 8 . 3 0 . 3 0 ,  3 1 .  3 1  . 3 2  . 3 2  . 3 3  . 3 3  • 3 4 .  3 4 .  3 5 .  3 5 * 3 7 * 3 8  . 3 9  . 4 0 . 4 1 .
* 4 2 * 4 3 * 4 4 * 4 5 * 4 6  * 4  7 * 4 8  * 5 0  , 5 1 , 5 2 . 5 3 , 5 4  , 5 5  . 5 6 * 5 7 , 5 8 . 5 9 . 6 0 * 6 1 * 8 2 , 8 3 . e 4 ,  
* 8 5 , 8 6 , 8 7 . 8 8 , 7 1 , 7 2 , 7 3 * 7 4 . 7 5 , 7 6 . 7 7 , 7 8 , 7 9 • 8 0 • 8 1 • 1 C O , 1 0 1 . 1 0 2 , 1 0 3 , I  0 4 • 1  
* 0 5 , 9 0 , 9 0 , 9 1 , 9 1 * 9 2 , 9 2 . 9 3 , 9 3 , 9 4 , 9 4 , 9 5 . 9 5 , 9 6 , 9 6 , 9 7 , 9 8 , 9 9 , 1 2 3 , 1 2 4 , 1 2 5 ,  
* 1 2 6 , 1 2 7 , 1 0 7 , 1 0 8 ,  1 0 9 , 1 1 0 , 1 1 1 . 1 1 2 , 1 1 3 . 1 1 4 .  1 1 5 , 1 1 6 , 1 1 7 , 1 1 8 , 1 1 5 . 1 2 0 , 1 2  
* 1 ,  1 2 2 , 1 4 4 , 1 4 5 , 1 4 6 , 1 4 7 ,  1 2 9 ,  1 3 0 ,  1 3 1 , 1 3 2 . 1 3 3 , 1 3 4 . 1 3 5 , 1 3 6 , 1 3 7 • 1 3 8 , 1 3 9 ,  
* 1 4  0 , 1 4 1  * 1 4 2 * 1 4 3 ,  1 6 3 ,  1 6 4 ,  1 6 5 , 1 6 6 , 1 6 7 .  1 6 8 ,  1 6 9 .  1 7 0  ,  1 4 9  , 1 5 0  , 1 5 1 ,  1 5 2 ,  1 5  
* 3 , 1 5 4 . 1 5 5 , 1 5 6 . 1 5 7 ,  1 5 8 ,  1 5 9 ,  1 6 0 , 1 6 1 , 1 6 2 . 1 8 5 , 1 8 6 ,  1 8 7 ,  i e s ,  1 8 9 , 1  9 0 , 1  9 1 ,  
* 1 7 2 . 1 7 3 , 1 7 4 ,  1 7 5 ,  1 7 6 , 1 7 7  * 1 7 8 . 1 7 9 , 1 8 0 ,  1 8  1 , 1 8 2 , 1 8 3 , 1 8 4 , 2 0 5 , 2 0 6 , 2 0 7 , 2 0  
* 6 , 2 0 9 , 2 1 0 . 1 9 3 . 1 9 4 , 1 9 5 , 1 9 6 ,  1 9 7 , 1 9 8 , 1 9 9 , 2 C C . 2 0 1 • 2 0 2 , 2 0 3 . 2 0 4  . 2 2 3 , 2 2 4 ,  
* 2 2 5 , 2 2 6 , 2 2 7 , 2 1 2 , 2 1 2 , 2 1 3 , 2 1 3 . 2 1 4 , 2 1 4 . 2 1 5 , 2 1 5 , 2 1 6 , 2 1 6 , 2 1 7 , 2 1 7 , 2 1 8 , 2 1  
* 8 , 2 1 9 , 2 1 9 , 2 2 0 , 2 2 1 . 2 2 2 , 2 4 7 , 2 4 8 , 2 4 9 , 2 5 0 , 2 2 9 , 2 3 0 , 2 3 1 , 2 3 2 , 2 3 3 . 2 3 4 . 2 3 5 ,  
* 2 3 6 , 2 3 7 , 2 3 8 , 2 3 9 , 2 4 0 , 2 4 1 , 2 4 2 , 2 4 3 , 2 4 4 , 2 4 5 • ? 4 6 , 2 6 9 , 2 7 0 , 2 7 1 , 2 5 2 , 2 5 3 , 2 5  
* 4 , 2 5 5 , 2 5 6 , 2 5 7 . 2 5 8 , 2 5 9 , 2 6 0 , 2 6 1 , 2 6 2 , 2 6 3 . 2 6 4 . 2 6 5 . 2 6 6 , 2 6 7 , 2 6 8 , 2 8 9 , 2 9 0 ,  
* 2 9 1 , 2  9 2 , 2 9 3 , 2 9 4 , 2 7 3 , 2 7 4 , 2 7 5 , 2 7 6 . 2 7 7 , 2 7 8 , 2 7 9 , 2 8 0 . 2 8 1 , 2 8 2 , 2 8 3 , 2 8 4 , 2 8  
* 5 , 2 8 6 , 2 8 7 , 2 8 8 , 3 1 1 , 3 1 2 , 3 1 3 , 3 1 4 , 3 1 5 , 2 9 6 * 2 9 7 , 2 9 8 , 2 9 9 , 3 0 0 , 3 0 1 , 3 0 2 . 3  0 3 .  
* 3 0  4 . 3 0  5 . 3 0 6 . 3 0 7 . 3 C 8 . 3 0 9 . 3  1 0 , 3 3  1 , 3 3 2 , 3 3 3 . 3 3 4 , 3 1 7 . 3 1 8 . 3 1 9 , 3 2 0 , 3 2 1  , 3 2  
* 2 , 3 2 3 , 3 2 4 , 3 2 5 . 3 2 6 , 3 2 7 . 3 2 8 , 3 2 9 , 3 3 0 • 3 4 9 . 3 5 0 , 3 5 1 , 3 3 6 , 3 3 7 , 3 3 8 . 3 3 9 , 3 4 0 ,  
* 3 4 1 , 3 4 2 , 3 4  3 , 3 4 4 , 3 4 5 . 3 4 6 , 3 4  7  , 3 4 8 , 3 6 5 , 3 6 6 . 3 5 3 , 3 5 4 . 3 5 5  , 3 5 6 , 3 5 7 , 3 5 8 /  
D A T A  I X E 2 / 3 5 9 , 3 6 0 , 3 6 1 , 3 6 2 . 3 6 3 , 3 6 4 , 3 7 9 , 3 6 8 , 3 6 9 , 3 7 0 , 3 7 1 , 3  7 2 , 3 7 3 , 3 7 4 ,  
* 3 7 5 , 3 7 6 . 3  7 7 , 3 7 8 , 4 8 * 0 , 2 , 3 . 4 ,  1 0 . 6  , 1 2 , 7 . 1 4 , 8 , I  0 . 1 1 , 1 2 , 1 3 , 1 4 , 1 5 , 1 7 , 1 8 ,  
* 1 9 , 2 0  , 2  1 . 2 2 , 2 4 , 2 5 , 2 6 , 2 7 , 2 8 , 2 9 , 3 8 , 3 1 , 4 0 . 3 2 , 4 2 , 3 3 , 4 4 , 3 4 , 4  6 , 3 5 , 4 8 , 3 6 ,  
* 3 6 , 3  9 , 4  0 , 4  1 , 4 2 , 4  3 , 4 4 , 4 5 , 4 6 , 4 7 , 4 8 , 4 9 , 5 1 , 5 2 * 5 3 , 5 4 , 5 5 , 5 6 , 5 7 , 5 8 , 5 9 , 6 0 ,  
* 6 1 . 6 2 , 6 3 . 6 4 , 6 5 , 6 6 , 6 7 , 6 8 , 6 9 , 7 2 , 7 3 , 7 4 , 7 5 . 7 6 , 7 7 , 7 8 . 7 9 , 8 0 , e i . 8 2 . 8 3 , 8 4 ,  
* 8 5 , 8 6 , 6 7 , 8 8 , 1 0  8 , 9 1 . 1 1 0 , 9 2 , 1 1 2 , 9 3 • 1 1 4 . 9 4 • 1 1 6 , 9 5 , 1 1 8 , 9 6 , 1 2 0 . 9 7 , 9 8 , 9 9  
* ,  1 0 0  ,  1 0  1 ,  1 0  2 .  1 0  3 , 1 0 4 , 1  0 5 .  1 0 8 ,  1 0 9 ,  1 1 0 , 1 1 1 , 1 1 2 , 1 1 3 ,  1 1 4 ,  1 1 5 ,  1 1 6 .  1 1 7 , 1  
* 1 8 , 1 1 9 , 1 2 0 , 1 2 1 , 1 2 2 , 1 2 3 , 1 2 4 , 1 2 5 . 1 2 6 ,  1 2 7 .  1 3 0 . 1 3 1 , 1 3 2 . 1 3 3 . 1 3 4 , 1 3 5 , 1 3 6  
* , 1 3 7 , l 3 e , 1 3 9 . 1 4 0 * 1 4 1 , 1 4 2 , 1 4 3 , 1 4 4 , 1 4 4 , 1 4 5  * 1 4 5 , 1 4 6 ■ 1 4 6 . 1 4 7 , 1 4 7 , 1 4  8 , 1  
* 5 0 , 1 5 1 , 1 5 2 , 1 5 3 , 1 5 4 , 1 5 5 , 1 5 6 ,  1 5 7 , 1 5 8  . 1 5 9 , 1 6 C , 1 6 1 . 1 6 2 , 1 6 3 , 1 6 4 , 1 6 5 , 1 6 6  
* ,  1 6 7 ,  1 6 8 . 1 6 9 , 1 7 0 , 1 7 3 , 1 7 4 , 1 7 5 . 1 7 6 , 1 7 7 , 1 7 8 . 1 7 9 , 1 8 0 , 1 8 1 , 1 8 2 ,  1 8 3 , 1 8 4 , 1  
* 8 5 , 1 8 6 , 1 8 7 . 1 8 8 , 1 8 9 , 1 9 0 , 1 9 1 , 1 9 4 , 1 9 5 , 1 9 6 . 1 9 7 , 1 9 8 , 1 9 9 , 2 0 0 , 2 0 1 , 2 0 2 , 2 0  3 
* • 2 0  4 , 2 0 5 , 2 0 6 . 2 0 7 , 2 0 8 , 2 0 9 , 2 1 0 * 2 3 0 , 2 1 3 , 2 3 2 , 2 1 4 , 2 3 4 , 2 1 5 . 2 3 6 , 2 1 6 , 2 3 8 , 2  
* 1 7 . 2 4 0 , 2 1 8 , 2 4 2 , 2 1 9 , 2 4 4 , 2 2 0 , 2 2  I , £ 2  2 , 2 2 3 , 2 2 4 , 2 2 5 . 2 2 6 , 2 2 7 . 2 3 0 , 2 3 1 , 2 3 2  
* . 2 3 3 , 2 3 4 , 2 3 5 , 2 3 6 . 2 3 7 * 2 3 6 , 2 3 9 * 2 4 0 , 2 4  1 , 2 4 2 , 2 4 3 , 2 4 4 , 2 4 5 , 2 4  6 , 2 4 7 , 2 4 8 , 2  
*4 9 , 2 5  C , 2 5 3 . 2 5 4  ,  2 5 5  ,  2 5 6 , 2  5  7 . 2 5 6 , 2 5 9  ,  2 6 0  ,  2 6 1 , 2  6 2 , 2  6 3 , 2 6 4  ,  2 6 5  * 2 6 6  * 2 6 7  
* , 2 6 8  , 2 6 9  . 2 6 9 , 2 7 0 . 2 7 0 . 2 7 1 , 2 7 1 , 2 7 2 , 2 7 4 . 2 7 5 , 2 7 6 , 2 7 7 , 2 7 8 , 2 7 9 . 2 8  0 . 2 8 1 , 2  
* 8 2 , 2 8  3 , 2 8  4 , 2 8 5 , 2 8 6  , 2 8 7 . 2 6 8 , 2 8 9 , £ 9 0 , 2 9 1 , 2 9 2 , 2 9 3 , 2 9 4 , 2 9 7 , 2 9 6 , 2 9 9 , 3 0 0
I n
*  * 3 0 1 . 3 0 2 * 3 0 3 * 3 0 4 *  3 0 5 . 3 0 6 . 3 0 7 , 3 0 8 * 3 0 9  * 3  1 0 . 3  1 1 • 3 1 2  . 3 1 3 * 3 1 4 . 3 1 5 * 3 1 8 * 3  
* 1 9 , 3 2 0  , 3 2 1 . 3 2 2 . 3 2 3 *  3 2 4 . 3 2 5 , 3 2 6 . 3 2 7  * 3 2 8  .  3 2 9  * 3 3 0 . 3 3 1 * 3 3 2 * 3 3 3 * 3 3 4 /
C A T A  1 X 5 3 / 3 3 7 . 3 3 8 * 3 3 9 * 3 4 0 * 3 4  1 . 3 4 2 , 3 4 3 * 3 4 4  * 3 4 5 , 3 4 6 * 3 4 7 * 3 4 8 * 3 4 9 * 3 5 0 *  
* 3 5 1 . 3  5 4 , 3 5 5 , 3 5 6 * 3 5 7 . 3 5 8 .  3 5 9 * 3 6 0 , 3 6 1 , 3 6 2 , 3 6 3 . 3 6 4 . 3 6 5 * 3 6 6 , 3 6 9 * 3 7 0 . 3 7  
* 1 . 3 7 2 . 3 7  3 *  3 7  4 . 3 7 5 . 3 7 6 , 3 7 7 . 3 7 8 ,  3 7 9 ,  4 8 * 0 , 6 , 7 , 8 . 9 * 1 1 , 1 1 , 1 3 * 1 3 . 1 5 , 1 7 . 1  
* 8 ,  1 9 , 2 0 , 2 1  , 2 2 . 2 4 , 2 5 * 2 6 , 2 7 * 2 8 , 2 9 , 3 1  . 3 2 , 3 3 * 3 4 . 3 5 , 3 6 . 3 7 , 3 9 , 3 9 , 4 1 * 4 1 * 4  
* 3 , 4 3 . 4 5 , 4 5  . 4  7 , 4 7 . 4 9 , 5 1 . 5 2 . 5 3 . 5 4 * 5 5 . 5 6 , 5 7 . 5 8  . 5 9 , 6 0 , 6 1 * 6 2 , 7 2 . 7 3 . 7 4 . 7  
* 5 . 7 6 . 7 7 , 7 8 . 7 9 . 8 0  * 8 1  , 8 2 , 6 3 , 6 4 . 6 5 , 6 6 , 6 7 ,  6 8 , 6 9 . 7 0 * 9 1 , 9 2 . 9 3 . 9 4 , 9 5 , 9 6 , 9  
* 7 , 9 8 . 9 9  , 1 0 0 , 8  3 , 8 4 . 8 5 , 8 6 , 8 7 , 8 8 . 8 9 ,  1 0 7 , 1 0 9 ,  1 0 9 ,  1 1 1 . 1 1 1 , 1 1 3 , 1 1 3 , 1 1 5 . 1  
* 1 5 ,  1 1 7 ,  1 1 7 , 1 1 9 *  1 1 9 * 1 2 1 ,  1 2 2 ,  1 2 3 , 1 0 1  * 1  0 2 . 1  0 3 , 1 0 4 , 1 0 5 .  1 0 6 , 1 3 0  , 1 3 1  ,  1 3 2  
* ,  1 3 3 .  1 3 4 .  1 3 5 . 1 3 6 . 1 3 7 ,  1 3 8 *  1 3 9 .  1 4 0 .  1 4 1  , 1 4 2 , 1 4 3 , 1 4 4 ,  1 2 4 ,  1 2 5 , 1 2 6 . 1 2 7 , 1  
* 2 8 , 1 5 0 , 1 5 1 , 1 5 2 , 1 5 3 * 1 5 4 , 1 5 5 . 1 5 6 . 1 5 7 , 1 5 8 * 1 5 9 , 1 6 C , 1 6 1 , 1 6 2 , 1 6 3 , 1 6 3 * 1 4 5  
* . l 6 5 .  1 4 6 ,  1 6 7 , 1 4 7 .  1 6 9 ,  1 4 8 , 1 7 1 * 1 7 3 , 1 7 4 , 1 7 5 , 1 7 6 , 1 7 7 , 1 7 8 , 1 7 9 . 1 8 0 , 1 8 1 , 1  
* 8 2 . 1 8 3 , 1 8 4  , 1 8 5 , 1 6 4 , 1 6 5 , 1 6 6 . 1 6 7 , 1 6 8 • 1 6 9 . 1 7 0 * 1 7 1 , 1 9 4 . 1 9 5 , 1 9 6 . 1 9 7 • 1 9 8  
* , 1 9 9 . 2 0 0 . 2 0 1  , 2 0 2 . 2 0 3 , 2 0 4 , 2 0 5 *  1 8 6 ,  1 8 7 , 1 8 8 , 1 8 9 , 1 9 0 , 1 9 1 ,  1 9 2 . 2 1 3 * 2 1 4 , 2  
* 1 5 . 2 1  6 , 2 1 7 , 2 1 8  . 2 1 9  * 2 2 0  . 2 2 1  , 2 2 2 *  2 2 3 .  2 0 6 ,  2 0 7 * 2 0 e , 2 0 9 .  2 1 0 . 2 1 1  , 2 2 9 , 2 3 1  
* • 2 3 1  , 2 3 3 * 2 3 3 . 2 3 5 , 2 3 5 ,  2 3 7 . 2 3 7 , 2 3 9 . 2 3 9 , 2 4 1 , 2 4 1 . 2 4 3 . 2 4 2 , 2 4 5 , 2 4 6 , 2 4 7 , 2  
* 2 4 , 2 2  5 , 2 2 6 , 2 2 7 . 2 2 8 , 2 5 3 , 2 5 4 . 2 5 5 , 2 5  6 , 2 5 7 , 2 5 8 , 2 5 9 . 2 6 0 • 2 6 1 . 2 6 2 , 2 6 3 , 2  6 4  
* , 2  6 5 * 2 6 6 , 2 6 7  , 2 6 8  * 2 6 9 . 2 4 8  , 2 4 9 * 2 5  0 , 2 5  1 .  2 7  4 ,  2 7 5 . 2 7 6 . 2 7 7 , 2 7 8 , 2 7 9 , 2 8 0 ,  2  
* 8 1 , 2 8 2 , 2 8 3  , 2 8 4 , 2 8 5 . 2 8 6 , 2 8 7 , 2 e e , 2 8 9 . 2 8 9 . 2 7 0 * 2 9 1 . 2 7 1  * £ 9 3 . 2 7 2 . 2 9 5 . 2 9 7  
* , 2 9 8 , 2 9 9 , 3 0 0 , 3 0 1  , 3 0 2 * 3 0 3 , 3 0 4 *  3 0  5 *  3 0 6 , 3 0 7 , 3 0 8 * 3 0 9 . 3 1 0 , 3 1  1 , 2 9 0 * 2 9 1  . 2  
* 9 2 , 2 9 3 , 2 9 4 * 2 9 5 * 3 1 8 . 3 1 9 * 3 2 0 , 3 2 1 , 3 2 2 , 3 2 3 , 3 2 4 , 3 2 5 . 3 2 6 , 3 2 7 , 3 2 8  . 3 2 9 /  
D A T A  1 X E 4 / 3 3 0 . 3 3 1 . 3 1 2 , 3 1 3 . 3 1 4 , 3 1 5 * 3 1 6 , 3 3 7 , 3 3 8 * 3 3 9 * 3 4 0 , 3 4 1 * 3 4 2 , 3 4 3 .  
* 3 4 4 , 3 4 5 , 3 4 6 , 3 4 7 . 3 4 8 , 3 4 9 , 3 3 2 * 3 3 3 , 3 3 4 , 3 3 5 , 3 5 4 * 3 5 5 . 3 5 6 , 3 5 7 . 3 5 8 . 3 5 9 . 3 6  
* 0 , 3 6 1  , 3 6 2 * 3 6 3 , 3 6 4 , 3 6 5 . 3 5 0 , 3 5 1 , 3 5 2 , 3 6 9 , 3 7 0 , 3 7 1 , 3 7 2 , 3 7 3 * 3  7 4 , 3 7 5 . 3 7 6 ,  
* 3 7 7 , 3 7 8 . 3 7 9 , 3 6 6 , 3 6 7 * 3 8 2 , 3 8 3 , 3 8 4 , 3 8 5 * 3 8 6 • 3 8 7 , 3 € e  , 3 8 9 , 3 9 0 , 3 9 1 , 3 8 0 . 4 8  
* * 0 , 5 , 6 , 7 , 9 , 1 0 ,  1 1 * 1 2 . 1 3 , 1 4 . 1 6 , 1 7 , 1 8 ,  1 9 * 2 0 , 2 1 . 2 3 . 2 4 . 2 5 , 2 6 . 2 7 * 2 8 , 3 0 . 3  
* 1 , 3 2 , 3 3  , 3 4 , 3 5 , 3 7 . 3 e . 3 9 , 4 0 , 4 1 , 4 2 . 4 3 , 4 4 , 4 5 , 4 6 . 4 7 , 4 8 . 5 0 , 5 1  . 5 2  * 5 3 , 5 4 , 5  
* 5 ,  5 6 ,  5 7 ,  5 8  . 5 9 , 6 0 , 6  1 , 7  1 . 7 2 . 7 3 , 7 4 , 7 5 ,  7 6 ,  7 7 ,  7 8 ,  7 9 , 8 0 . 8  1 . 8 2 . 8  3  , 8 4  , 8 5 , 8  
* 6 , 8 7 , 8 8  , 8 9  . 9 0 , 9 1 , 9  2 , 9 3 , 9 4 , 9 5 , 9 6 , 9 7 , 9 8 * 9 9 , 1 0 0 • 1 0 1 • 1 0 2 , 1 0  3 ,  1 0 4 , 1 0 5 , 1  
* 0 6 . 1  0 7 * 1  0 8 , 1 0 9 , 1  1 0  •  1 1 1  * 1 1 2 , 1 1 3 ,  1 1 4 ,  1 1 5 .  1 1 6 ,  1 1  7 . 1 1 8 , 1 1 9 .  1 2 0  . 1 2 1 ,  1 2 2  
* , 1 2 3 , 1 2 4 . 1 2 5 , 1 2 6 , 1 2 7 , 1 2 8 , 1 2 9 , 1 3 0 , 1 3 1 , 1 3 2 * 1 3 3 . 1 3 4 • 1 3 5 . 1 3 6 , 1 3 7 . 1 3 8 , 1  
* 3 9 , 1 4 0 , 1 4 1  , 1 4 2 * 1 4 3 , 1 4 4 , 1 4 5 *  1 4 6 •  1 4 7 • I  4 8 , 1 4 9 , 1 5 0 , 1 5 1 • 1 5 2 . 1 5 3 . 1 5 4 , 1 5 5  
* , 1 5 6 . 1 5 7 , 1 5 8 ,  1 5 9 , 1 6 0 , 1 6 1 . 1 6 2 , 1 6 3 , 1 6 4 . 1 6 5  * 1 6 6 • 1 6 7 , 1 6 8 • 1 6 9 , 1 7 0 ,  1 7 1 . 1  
* 7 2 , 1 7 3 . 1 7 4 , 1 7 5 , 1 7 6 .  1 7 7 , 1 7 8 , 1 7 9 . 1 8 0 ,  1 8 1 .  1 8 2 , 1 8 3 . 1 e 4 , 1 8 5 . 1 8 6 , 1 8 7 , 1 8 8  
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S U E R O L T I N E  F L O W
C O M M O N / P R O B P R / D T . T I M E . N V P . N E C .
4 N U W N P . N U M E L * N U N M A T  3 N U M P C  . N U M C 6 C  . N T S * I N T E R * L F . L C . L S . L R . N C T . N T . X M
C
C C * K G N / N A T / E ( 3 9 >  . P 0 ( 3 9 ) . X C O N D ( 3 9  ) • S P H T (  3 9 ) • Q X C  3 9 ) . C L C ( 3 9 • 3 )
C
C C V M C N / N O C C A T / X t 4 6 0  )  .  V I 4 6 0 ) . C O D E ( 4 6 C ) * U R ( 4 6 0 > . U Z ( 4 6  0 )  . T S ( 4  6 0 )  .
*  T I  N T ( 4 6 0  )  , H T E ( 9 2 C> . F D C T < 4 6 0 ) , N E I F E N { 4 6 0  )  . K Q O E ( 4 6 0 )
C
C O M M O N / E L D A T A / E F ( 4 2 0 ) . S R ( 4 2 0 ) • S Z ( 4 2 0 ) *  S R Z ( 4 2 0 ) . S E F ( 4 2 C )  . D S E F ( 4 2 0 ) ,  
* S N (  4 2  C )  , E O C R  ( 4 2 0 ) .  B C D Z t  4  2 0  ) . I X (  4 2 0 . 5 )  , Z V ( 2 4 >
C
C C N M C N / S O L E Q / A  ( 4 6 0  . 2 7 ) . 0  ( 4 6 0  ) . N B A N D . N U M E L K . M B A N D
C
C C W M O N / E O U N D / H F I 1 0 0  ) . T E ( 1 0 0  ) . P R ( 1 0 C ) . I B C ( 1 C C ) . J B C ( 1 0 0 ) . K B C ( I O O ) •  
* L 8 C (  1 0 0  ) . P T ( 1 0 0 )
C
D I M E N S  I G N  B ( 4 6 0 ) . T l 4 6 0 ) . 0 ( 4 6 0 ) • L M ( 5 ) . K X ( 3  )  . F ( 3 . 3 ) . P ( 5 )  • S ( 5 , 5 ) « 0 D ( 5  
*>
D I M E N S I O N  A P D O T ( 4 6  0 )
F O R M  C C N D U C T I V I T Y  M A T R I X  F O R  C O M P L E T E  B O D Y
D C  1 1 0  1 =  l . N U M N P  
G ( I ) = 0 .
T ( I )  =  T S ( I  )
D ( I  )  = C .  C 
B (  I  ) = 0  . 0  
D O  1 1 0  J = 1 . 2 7  
1 1 0  A ( I  * J  ) = 0  * 0  
M B A N D = C  
N L M = 0
C
0 0  1 7 5  N = 1 . N U M E L  
M T Y P E = I X ( N . 5 )






1 2 5  L M ( I ) = 1 X ( N » 1 )
C  C N O =  X C O N D  ( FT Y P E  )
C X ( M T Y P E ) = 0 . 0
C
C
C  2 . F 0 R M  E L E  H E  N T  C O N D U C T I V I T Y  M A T R I X
C
£ F ( N ) = C  •
D D  1 3 C  1 = 1 * 5  
D D ( I ) = 0 . 0  
F < I ) = 0 * 0  
D O  1 3 0  J = l * 5  
1 3 0  S ( I . J ) = C . O
C
I = L M (  1 )
J = L N (  2 )
K =  L F ( 3 )
L = L M ( 4 )
L P (  5 )  =  I
C
X X = ( X U ) + X < J ) + X ( K ) + X ( L ) ) * . 2 5  
Y Y =  t Y  ( I  > + Y  ( J ) + Y t K  ) + Y ( L > )  * . 2 5
C
D O  1 5 2 K =  1 * 4
C
I = L M ( K )
J = L M <  K + l  )
I  F t  I . E C . J ) G O  T O  1 5 2  
A  J = X  ( J )  - X C  I )
A K = X X - X ( I )
B J = Y ( J ) - Y (  I )
8 K = Y Y — Y ( I )
C = B J - 8 K  
D X = A K - A  J  
X M U L  =  1 * 0  














C O N M =  . 5 * C C N D * X M U L / X L A M  
C Q = X L A # 4 X M U L * G X t M T Y P E  > * * 2 5  
Q S T 0 R E = X L A M * X M U L * . 2 5
V F S
C
F (  1 . 1 > = C * * 2 + D X * * 2  
F  ( 1 . 2  ) =  E K * C - A K * D X  
F  { 1 , 3  > = - B  J * C + A J * D X  
F t  2 , 1 ) = F < 1  . 2 )
F  ( 2  , 2  > = 6 K * * 2 + A K * * 2  
F  ( 2 * 3  ) =  - B J  * B K - A J  * A K  
F ( 3 , l ) = F ( 1 , 3 )
F t  3 ?  2 ) = F t 2  * 3 )
F  t 3  . 3  ) = 6 J * * 2 + A  J * * 2
C
K X t 1 ) = K  
K X t  2  ) = K +  1
I F  t K .  N E  . 4  ) GC.  T O  I A S  V P S
K X t 2 ) = l  
1 4 5  K X  t  3 )  =  5
C
0 0 1 5  1 I -  1 .  3
I  I  =  KX t  I  )  1
P  t  1 1  ) = P t i l ) + 0 Q  
D D t l l  » = C D (  I D + Q S T O R E  
0 0 1 5  1 J =  I t  3 
j  J = K X  t  J )
151 S f 1 1 . JJ)=S t 1 I . JJ ) + F t I • J )  4C0HM
C
1 5 2  C O N T I N U E
C
D 0 1 S 5  1 = 1 . 4  
D C 1 5 5 J = 1 * 4  
1 5 5  S t  I . J  ) = S t I  « J ) - 5 t I . S ) * S t J . 5 ) / S t 5 . 5 )
V P S
3 . A C C  E L E M E N T  C O N D U C T I V I T Y  T O  C O M P L E T E  C O N D U C T I V I T Y  M A T R I X  V P S
V P S
162
0 C 1 7 5 L = 1 . 4
I = L M ( L )
D (  I  ) =  C (  I ) + D D (  L  )
E (  ! ) = £ ( I J + P I L )
D C 1 7 5 M = 1 . 4
J = L M ( K  J - I  +  l
I F t M E A N C . G E . J  ) G 0  T O  1 6 5  
1 6 0  M B A N D = J
1 6 5  I F ( J  « L E • 0 ) 6 0  T O  1 7 5  
A  ( I . J  ) = A U  » J )  +  S  { L  * N )
1 7 5  C O N T I N U E
C
C
C B O C N D A R V  C O N D I T I O N S
C  1 . C O N V E C T I O N  B O U N D A R Y  C O N D I T I O N S
I F t N U N C B C . L t . O  ) G C  T C  2 2 0
C
D O  2 1 5  N — 1 . N U M C B C  
I =  N B C  (  N )
J - L B C  ( N )
H = H F ( N )
T E M P = T E C N  )
X L = S Q R T ( ( X C J ) - X ( I )  ) ♦ ♦ 2 + ( Y ( J ) - Y (  I ) ) * * 2 )
C
T E M P = H  * X L  ♦ T E M P  * . 5  
H = F * X L *  . 2 5  
B  ( I  )  = 0 <  I ) + T E M P  
E (  J ) = B (  J ) + T E M P  
A t  I .  1 > =  Al  I  . 1  ) + H  
A t J . l  ) = A  I  J  » 1 ) + H  
K = J - I + 1
1 F ( K • L E . 0 J G O  T C  2 1 2  
A t  I * K ) =  A t  I  . K ) + H  
G 0 T Q 2 I S  
2 1 2  K = I - J + l


























2 5  C
3 0 0
C O N T I N U E
C C M I M E
VPS
2 . T E F F E f i A T U R E  B O U N D A R Y  C O N D I T I O N S  V F S
V P S
D C  3 0 0  N = 1 . N U M N P  
O ( N )  =  B ( N > + T  ( N )
I F  ( K O C E f N )  . E C . O  ) G O  T O  3 0 0  V P S
0 0  2 5 0  M= 2  * M b A  NO 
K=N—M+I
I F ( K . L E . 0 ) G C  T O  2 3 5  V P S
B (  K ) = B (  K ) - A t  K , M  ) * T  ( N  )
A ( K . M > = 0 . 0
L = N + M - 1
I F ( N U N N F  « L T * L ) G O  T C  2 4 5  V P S
B ( L ) = E ( L ) - A (  N » M ) * T ( N  >
A ( N  , M ) =  0 . 0  
C C N T I  N U F  
A t  N .  1 >= 1 . 0  
e t h >  =  i ( N )
C O N T 1 N U E
V P S
S O L V E  F C R  N C O A L  P O I N T  T E M P E R A T U R E S  V P S
V F S
F O R M  E F F E C T I V E  C O N D U C T I V I T Y  M A T R I X  F O R  T I M E  I N C R E M E N T  V P S
VPS
D T 2 =  I  , / D T  
D C 3 2  0 N = I  .  N U M N P
I N I T I A L I Z E  P R E S S U R E
I F t N T . E C . 1 )  GO T O  7 0
G O  T O  a o  
C C N T I  N U E
I F ( K O O E t N )  . E C . I )  G C  T C  7 5  




















A P C O T ( N ) = T I N T ( N )
T I M  ( N ) = T  ( M  
C O N T I N U E
T ( N ) = T I  M (  N ) V P S
I F ( K 0 C E ( N )  . N E . O  ) G C  T C  2 2 0  V P S
I F ( D ( N ) . £ Q . O . ) G 0  T C  3 2 0  V P S
0 (  N ) = C T 2 * 0 ( N  )
A ( N  * 1 ) = A C  N ,  1 ) + D (  N )
C O N T I N U E  
C A L L  S Y M S O L ( I )
V P S
C A L C U L A T E  T E M P E R A T U R E  A T  T H E  E N O  O F  E A C H  T I M E  I N C R E M E N T  V P S
V P S
W R I T E  ( 5  * 2 0 0 0 )
LP=0
WR I T E ( 6 * 2 0 0 5 ) T I  ME .  ( N * T ( N ) * N  =  1 » N U M N P )
V F S
DO 6 0  0  L = I * N D T
V P S
1 . C A L C U L A T E  E F F E C T I V E  L C A E  M A T R I X  V P S
VPS
DO 4 0 0  1 =  1 * N U  M N P  V P S
C (  I )  =  E (  I )
I F ( K O D E ( I  )  . N E . O J G C  T C  4 C 0  V P S
C ( I  ) = E (  I ) + D (  I ) * T (  I  )
C O N T I N U E
VPS
2 . S O L V E  F O R  T E M P E R A T U R E S  V P S
VFS
C A L L  S Y H S 0 L I 2 )
D 0 5 0 0 1 =  1 , N U M N P
I F ( K O D E  C I ) . E G * 1 . A N D . N T * E Q • 1 . A N C . L . E Q . I )  T ( I  ) = A P O O T t I  )
T I N T C I ) = Q ( I ) - T ( I )
A P D O T  (  I  ) = T I N T (  I  ) / D T  
T  1 1 ) = Q ( I )
165
D C 5 5 0  J = 1  s N U M E L  
I  = I X ( J , 1 )
J  J =  I X  ( J  » 2  )
K —I  X (  J * 3 )
L L = I  X t  J  . 4  )
M T = I X ( J , 5 )
P D  1 =  A P O C T  ( n  
F D J = A P C O T ( J J )
P D K = A P D O T < K >
P D L  =  A P D O T {  L L )
C = S P H T  ( X T  } * D T  
1 F < K . E G . L L ) G O  T O  5 6 0  
P D  I = ( P D I + P D  J + P D K + P D L )  * . 2 5  
E F (  J J  = E F <  J  ) +  C * P D I * .  5  
GO T O  5 5 0  
5 6 0  F D I = ( P O I + P C J + P C K J * . 2 2 3 3 3  
E F  ( J )  = E F (  J ) + C * P D  I  * . 5  
5 5 0  C O N T I N U E  
5 5 1  C O N T I N U E
T 1 M E =  T 1 N E + D T  
L F = L P + 1
I F t L P  . L T .  I N T E R  ) G C  T C  6 0 0
W R I T E ! 6 , 2 0 0 5 ) T I M E . C N . T I N ) . N = 1 . N U M N P )
L P = 0
C
6 0 0  C O N T I N U E
W R I  T E  ( 6  * 2  0  C l )
MR  I T E  1 6  * 2 0 0 5 ) T  I  M E .  ( N . E F (  N ) . N = 1 , N U M E L  > 
D C  5 7  0  J = 1 . N U M N P  
5 7 0  T I N T < J ) = T ( J )
RE T U R N
2 0 0 0  FORMAT t * 0  P AT ALL NCDES F O R  V A R I O U S  T I M E S 1 )
2 0 0 1  FORMAT( • !  STRAI NS D U E  TO FLOW FOR EACH ELEMENT1
2 0 0 5
C
FORMAT ( 6 F 0 T  IME— E 1 2 * 5 /  t I 6 »  E 1 4  . 6  .  1 6  .  E  1 A .  6  * 1 6  «E 1 4  •  6  *1 6  * E l  A . 6  » 














S U B R O U T I N E  S Y M S O L  ( K K K )
C
C C K M O N / F R O B P R / D T , T I M E . N V P  , N C C ,
*NN, NUMEL, NUMMAT , N U M F C ,  N U MC B C . N T S .  INTER , I _ F , L C  , L S  , LR  .  N ,  NT , XM 
C 0 M N O N / S 0 L E Q / A ( 4 6 0 , 2 7  ) , B < 4 6 0  ) * NBAND, NUM0LK,MH 
G O T O ! 1 0 0 0 . 2 0 0 0 ) , KKK
R E D U C E  M A T R I X
1 0 0 0  D 0 2 8 0  N = 1  * N N  
0 Q 2 6 0 L = 2 , M M  
C = A ( N . L ) / A ( N , 1 )
I = N + L - l
I F  ( N N - I • L T • 0 ) G O  T O  2 6 0  
J  =  0
D C 2 5 0 K = L . M M  
J =  J + l
2 5 0  A l l  •  J ) - M  I  ,  J ) - C * A {  N , K  )
2 6 0  A ( N , L ) = C  
2 8 0  C O N T I N U E  
GO T O S  0 0
R E D U C E  V E C T O R
2 0  C C D D 2  9 0 N = t , N N  
0 0 2 6 5 0 = 2 *  MM 
I - N + L —1
I F ( N N —I « L T , 0 ) G O  T O  2 9 0  
2 8 5  8 { I )  =  e (  I ) - A ( N  , L  ) * 8  ( N )
2 9 0  B ( N ) = E ( N ) / A < N , 1 )
B A C K  S U B S T I T U T I O N
MMM =  MM
N = N N  






I F (  N.EC.OJGCJ  TO 5CC 
DO 4 0 0  K = 2 iMHM 
L =  N + K - l
I F I N N - L  . L T . 0 >G0 TC 4 0 0  





JSUBROUTINE EMBANK (N EM E. P. F. C. T .B . E .BOR .BOZ )
COMMON/PROEPR/DT ,T IME .NVP.NDC.
♦  NUMNP . N U M E L .  N U M M A T . N U M P C . N U M C E C  . N T S .  I N T E R  • L F  . L C  » L S .  L R  . M . N T . X M  
C C K M O N / N Q C C A T / R ( 4 6 0  ) * Z ( 4 6 0 ) • C C D E (  4 6 0 ) . U R { 4 6 C ) . U Z ( 4 6 0 ) * T S ( 4 6 0 )  ,
♦T IM ( 460 ) .  BTE( 92 0) .PCOT( 460 >.NE IFEN ( 460 ) ,KODE (46C)
CO M MO N/ ELDATA/EF (4 20 > .SR (420)  .SZ (42C) .  SRZ(420> .SEF (420 ) .DSEF ( 420 ) •
♦ SN(420)  «BQDR(420) . ECDZ( 4 2 0 ) . IX( 4 2 0 . 5 ) . Z M 24)
NUMM AT—25









X = (C/P) 410 .
N=X
XN-N
IF((  X —XN) *GT.  . 5 )  LL-l  
NN=392+N 
DO 10 1 = 39 2 . NN
XI =1-392
R< I ) =  * t * F /  10.
10  ZCI)=P
IF (LL.EO.O) GC TO 20 




NN 1 =NN+ 1 
NT l=NN+NT
21 11 =—i
IF (N.GE .9 ) GC TO 100
170
03 25 I=NN1.NT1 
1 1 = 1 1 + 1  
X 1 =  NT— I I
Z ( I ) = ( ( F 4 F ) / ( ( F —C 1 *  10 •  ) > * X I  
X N = N + K 4  11  
2 5  R ( I 1 =  ( X N / 1  0 .  ) * F  
GC TO 1 0 0  
3C R t f * N + 1 ) =C  
2 ( N N + 1 ) = H  
NT = 6 —N 
N N l = N N + 2  
N T 1 = N N + 1 + N T  
K—2
GO TO 2 1  
1 0 0  C ON T I N U E  
N U MN P = 4 0 1
ELEMENT GENE RAT I ON 
NUMEL- 3  62 
I X ( 3 7 3 * 1 1 = 3 8 1  
I X ( 3 7 3 * 2 ) = 3 8 2  
I X ( 3 7 3 , 3 > = 3 9 3  
I X ( 3 7 3 . 4 1 = 3 9 2  
I X ( 37  3 * 5 1 = 2 5  
B CD R (  3 7 3  )  =  E Q R  
B 0 D 2 ( 3 7 3  ) =BOZ 
DC 5 0  J  = 3 7 4 . 3 8 1  
DC 5  1 1 = 1 . 4  
51 I X (  J «  I t  =1 XC J - l  , 1  ) + l  
B O D R ( J ) = B O R  
BODZ ( J ) = B O Z  
5 0  I X( J  * 5 1  = 2 5
IX ( 3 8 2 *  1 1 =  3 9 0  
IX ( 3 8 2  *2  )=  39  1 
I  X(  3 8 2 *  3 )  = 4 0 1  
I X ( 3 8 2 .  4 1 = 4 0 1  
I X ( 3 8 2 * 5 ) = 2 5
ECCRlJ62) -BOR 
BOD2 (282 )=BCZ 
I F ( X .G E .9 .5 )  GO TC 60 
GO TO 70 
60 IX(382*31=402  
NUMNP—402 
7 C CONTINUE
CODE t 39 2)= 1.0
IF( NENB.EQ.O) GO TO 71
GO TO 7 2
71 DO 73 I = 3 9 2 . NUMNP 
73 KODE ( I )= 1
RETURN
72 CONT INUE 
K = 402 
LL=0
LT = 0
X= (D/F)* 10 •





IF<(X-XN) .GT. . 5 )  LL—I 
IFt (XX-XT) .GT. .5> LT=1 
NN=K+N
IF(NUMNP.E0.402) GO TO 80 
GC TO BE 
SO NN=NN+1 
K=K4l 
85 DO 86 I=K.NN 
X 1= I—K
R( 1 >=XI *F/ 10.
£6  Z(I)=FF  
Nt=392+NT
IF(LT.EO. l )  NL=NL+1
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R(NL)=D+T
IF(LL.EG). 0) GC TO 90 
GO TD 9 5
90 R(NN)=D 
NP=NL+9-NN
IF(NUMNP.EO.402)  NF=NP+1 
IF ( NP.LE* 0) GO TO 93  
NS=NN+ 1 
NU=NN+NF
92 DO 91 1=NS.NU 
I 1 = I—NS +1 
RN=NP—I1
IF(LT.EG.O > XT=XT-1
Z( I ) =H+((HH-H)/T)*<RN+XX-XT)*F/10.  
IF( I .EO.NS)  GO TC 200  
GO TO 2 Cl 
2 00 XS=N+1
IF ( LL.E C. 1 ) XS=XS+l 
R ( I )=XS*F/10 .
GC TO 91 
201 R( I >=R( 1-1 J+F/ 10 .
91 CONTINUE
93 NUMNP=NLNNP+N+NP+1
I F  ( L L . E C . 1 ) N U M N P = N L M N P + I  
I F t N P . E Q . - l > N U N N P = N U M N P + 1 
G C  T C  2 5 0  
95 R( MN+ 1 )=D 
Z ( N N+ 1) =HH 
N P = N L + 8 - N N
IF ( NUMNP. EQ.402)  NP=NP+1 
IF(NP.LE.O > GO TO 93 
NS=NN+2 
NU=NN+14NP 
GO TO 92 
250 CONTINUE 
C GENERATICN-2ND LJYER OF ELEMENTS
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I X ( 3 0 3 , 1 ) = 3 9 2  
I X ( 3 8  3 « 2 ) = 3 9 3  
I X ( 3 8 3 • 3 ) —K+I  
IX ( 3 B 3  *4 ) = K 
I X ( 3 8 3 *  5 ) = 2 5  
BOOR( 3 8  3 ) = BOR 
BCOZI 2 8 3 )  =EOZ 
NUMEL= 3 8 2 + N+NP+1
I F  ( N P . E Q . - l  . A N D . L L  *NE . 0  ) NUMEL=NUMEL+ I 
I F t L L  . E Q .  l . A N D . N P . N E . - l  ) NUMEL=NUMEL+1  
DC 2 6 0  J = 3 8 4 « N U M E L  
CD 2 6  1 t= 1 *4  
2 6 1  I X ( J * I ) = I X ( J - 1 « I ) + |
EOCR( J)=BO R 
BCDZ( J ) =BOZ 
2 6 0  I X ( J .S ) = 2 S
I F  ( N P . G E * 0 )  IX(  NLMEL • 3  ) = IX C NUMEL* 4 ) 
COCE(K )= I . 0  
DO 2 6 2  I=K*NUMNP  




S U E R O U T I N E  P L O T T ( N N )
C
C O M M O N / P R O B P R / D T  « T  I  ME  •  NV P .  N D C *
♦ N U M N P . N U M E L . N U M M A T . N U M P C . N U M C B C  . N T S .  I  K T E R .  L F . L C . L  S .  L R  . M  . N T » XH
C
C G M M C N / S O L  E G / A S (  4 6 0 . 2 7 ) . B S ( 4 6 0 ) . M B A N D » N U M 0 L K . N B A N D
C
C O M M C N / E L D A T A / E F ( 4 2 Q ) . S R ( 4 2 C ) , S Z ( 4 2 0  ) . S R Z ( 4 2 0 ) , S E F ( 4 2 C > « C S E F ( 4 2 0 ) .  
* S N ( 4 2  0 ) . B O O R ( 4 2 0  ) * B C D Z ( 4 2 0 ) • I X ( 4 2 C . 5 ) • Z M ( 2 4 )
C
C 0 M M G N / N 0 D 3 A T / R ( 4 6 0 > , Z ( 4 6 0 > • C C O E t 4 6 0 ) . U R ( 4 6 0 ) . U Z ( 4 6 0 ) , T S ( 4 6 0 > .
*  T I N T ( 4 6 0 ) *  E T  E ( 9 2 0 ) .  F D C T ( 4 6 0 ) . N E I F E N ( 4 6 0 ) . K O D E ( 4 6 0 )
C
C O M M O N X P L O T T S / S L G ( £ 0 ) » S T ( 2 0 ) . S M ( 2 0 ) » S B ( 2 0 ) . H R S ( 2 0 ) . S L G T ( 5 0 } « S T T ( 5 0  
* )  . S M T  ( 5 0  . S B T (  5 0  ) .  H R T ( 5 0  )  * N S P  * N P P
C
0  I  M E N S I O N  S ( 4 ) • S Y M ( 5 )
D I M E N S I O N  A ( 1 2 0  .  6 0  )  •  I T  £ M (  4 2 0  )  * J  T E M (  4 2 0 )
C
E C U I  V A L E N C E  (  A S  ( I  )  . A  (  1 )  ) .  (  A S (  7 2 C 1  )  * I T E M (  1 )  ) *  (  A S (  7 6 2  l ) . J T E M ( l )  )
D I M E N S I C N  S Y M B L  ( 2 6 )
D A T A  S Y M B L  . B L A N K . D O T / • A • • ■ B 1 • , C ' . , C « . ' E , . , F * . * G * . * H * . ' I , . , J » * > K » .
*  * L  * » •  M , . , N * . , G * .  • P , . * Q , * ' R , . , S , . , T , . * U I . * V . • * • * • X ^ ^ Y * .  * Z  * .  1 
** .  « /
0  I  ME N S I C S  T I M  ( 1  ) . M O N T H S ! 2 ) . S C A L E ( 6  ) . S S ( 6 ) . S V ( 2 )  . T M ( 3 )
D A T A  T I M  /  ' T I M E * / . M O N T H S / ‘ M O N T H S  < / . S C A L E / » S C A L E  1 I N . =  F E E
* T  1 /  .  S S /  •  S Y  MB C L  S T R E S S  R A N G E  * / .  S V / •  V E R T I C A L  • / , T M / •  M A X .  S H E A R
*  ' /
C
G O  T O  ( 2 0 0 . 3 0 0 . 4 0 0 . 5 0 C ) . N N  
2  0 0  N P = 2 3 3
S C A L =  1 4 . 4 /  R (  7 0 )
X T R A N  = 2  .
Y T R A N = 1  0 .
X 2  = 8  .
Y 2 = U  .
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Y 3 = 7 .
N I P - 0  
GC TC 1E0 
3 CO N P “ 2 3 3
S C A L = 1 4 . 4 / R ( 7 0 )
I P s O  
I S T = 0  
X T R A N = 2 .
YTRAN=10*
149  X2=8.
Y 2= 1 1 •
Y3 =7 .
1 5 0  CALL V T H I C M 2 )
CALL V E C T O R ( X T R A N . Y T R A S . X 2 . Y T R A S >
CALL V£ C T GR t X T RA S * Y2 ,  X T R A N . Y 3 )
CALL V T H C K ( l )
DO 1 0 0  S = S F .  NUMEL 
CO 1 01 K=1 , 4  
I —I X ( N t K )
J - I X ( N  *K + 1 )
I F  ( K ,  EC »4 ) J = I X ( N , 1  >
I F ( I .  EQ.  J )  GO TO 10 1 
X 1= R 1 1 ) «SCAL +XT PAN 
X2 = R ( J ) * S C A L  +XTRAS
Y 1 = 2 (  I ) *SC AL +YTRAN 
Y 2 = Z < J ) * S C A L  +YT RAN 
CALL VECT OR( X 1 .  Y 1 « X 2 .  Y 2 )
1 Cl CONTINUE 
1 0 0  COSTI MJE
S C = R ( 7 0 ) / 1 4 . 4  
T I = T I  M E / 7 2 0 .
CALL SYMBOL( 7 * 8 , I I . 5 , , 1 4 . T I M . 0 . . 4 )
CALL SYMBOL! 9  . 4  .  1 1 . S t  .  1 4  .MONTHS.  C.  .  6  > 
CALL SYMBOL( 7 .  £* 11 . 2 .  .  1 4 •  SCALE. O •  • 2 4  ) 
CALL NUMBER!8 . 8 .  U . 5 . . 1 4 . T 1 . 0 . . 2 )
CALL SUM3ER<9 . 7 2 . 1 1 . 2 . . 1 4 , S C * C . . 2 )
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IF(NNI.EC*1) GC TC 6 5 0  
GO TO 6 7 5
6 5 0  I F ( M F . E C . l )  GG TG 652
00 65 1 N=22R*NUMNF 
XN=N
X1=R(N) *SCAL +XTRAN + »Q5
Yl =Z( N)*SCAL +YTRAN-. I
CALL NLRBERIXI*Y 1 1 • 05«XK« 0« • - 1 )
651 CONTINUE
CALL EOPLQT ( 0 * 1 )
NIF=1 
GO TO 149
6 5 2  DO 65 3 N—2 3 3 • NUMEL 
XN=N
1 = IX ( N , 1)
J = I X ( N» 2 )
K= IX ( N* 3)
L = I X ( N * 4 )
I F ( K . E C . L )  GO TO 6 5 5  
R C = ( R < I ) + R ( J ) + R ( K  ) + R ( L ) ) * . 2 5  
Z C = < Z ( I ) + Z ( J ) + Z ( K ) + Z ( L ) > * . 2 5  
GO TO 6 5 6
6 5 5  R C = ( R ( I )  + R { J J + R I K ) ) ♦ . 3 3 3 3 3  
Z C = ( Z ( I ) + Z ( J ) + Z ( K )  ) * . 3 3 3 3 3




CALL NU NBE R ( X S * Y S t • 05 • XN *0 • *— 1 )
6 5 3  CONTINUE 
RETURN
6 7 5  I F ( I P . E Q . O )  CALL EOPLOTtO.O)
I F { IS T* E Q« 1) GO TO 3 6 0  
S M I N = - S 2 ( 2 3 3 )
S FAX= —S Z ( 2 3 3 )
00 3 5 0  N—233«NUMEL
-j-j
I F(SM 1N.GT . - S Z ( N ) ) S M I N = - S Z ( M  
I F ( 5 M A X . L T . - S Z I N > ) SMAX=~SZ(N)
3 5 0  CONTINUE 
36 0  SD=SMAX-SMIN 
5DO=SD/25.
SDDD=SC/50.
00  35 1 N=233,NUMEL 
5Y=-SZ(N)
I F ( l S T . E Q . l )  SY=SEF(N>
1= ( S Y - S M N I / S D D + l  . 5  
AA=SYMBL(I>
1=IX< N. 1)
J = I X ( N . 2)
K =I X( N. 3 )
L =I X ( N, A)
I F ( K . E C . L )  GO TO 352  
XC = ( R ( I ) + R ( J  ) + R ( K J + R 1 L ) > * . 2 5  
YC= (Z ( I ) + Z ( J ) + Z ( K ) + Z ( L ) ) * . 2 S  
GO TO 35 3
3 5 2  X C= ( fU I  > + R ( J ) + R ( K )  ) * . 3 3 3 3 3  
YC —( Z ( I ) + Z < J ) + Z < K ) > * . 3 3 3 3 3
3 5 3  CONTI NUE 
XC=XC*5CAL - .035+XT RAN 
YC=YC*SCAL —• 035+Y TRAN
CALL SYMBOL( XC,YC• #07 *AA• 0 *  * 1)
35 1 CONTINUE
I F ( I S T . E Q . 1)  GO TO 600
CALL SYMBOL!9 . 6 3 . 1 0 . 8 , . 1 4 , S V . O . , 8 )
GO TO 601
6 0 0  CALL S Y M B C H 9 . 4 9 .  10 ,B , .  14 ,TM . 0  .  , 10 )
601 CONTINUE
CALL SYMBOL!8 . 2 5 * 1 C . 5 6 , . 1 4 . S S . 0 . , 2 2 )
Y C = 1 0 . 4 4
SU=S MIN-SDO
□0 35 5  1=1 .26
Y C = Y C - . 14
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A A -=SY MBLt I )
CALL 5 Y N 3 0 L t 3 *  5 5 i Y C i • 1 0 *  A A * 0 . * 1  ) 
S U = S U + S D D
CALL N U M B E R ( 9 . 5 . Y C . . 1 0 . S U . 0 . . 1 )
CA LL MJMBE R t l 0 . 4 . Y C * . 1 0 .  SODD • 0 * * 1 )  
CALL S Y M B O L t 1 0 . 2 *  YC • • 1 0 .  2 3 .  0 . . - 1 )  
3 5 5  CONTI NUE
CALL EOPLOT ( 0 * 1 )
I P = I F + 1
1 F ( I P  * E 0 * 2  ) RETURN 
I S T =  1
SM I N = 5 E F (  2 2 3 )
SMAX = S E F (  2 3 3 )
DO 3 7  0  N = 2 3 3 . NUMEL 
I F ( S M I N . G T . S E F ( N ) > S M I N = S E F ( N )  
I F I S M A X . L T . S E F C N ) ) S R A X = S E F t N )
3 7 0  CONTI NUE 
GO TO 1 4 9  
4 0 0  CON T I N UE
0 0  10 1 = 1 * 1 2 0  
DC 1 0  J  = 1 • 6 0
I  0 A t  I ,  J  ) = BLANK
DO 11 1 = 6 . 1 0  6  
A ( 1 .  1 9  )=DCT
I I  A t  1 . 4 3  )=DOT 
DO 1 2  J = 1 9 . 4 3  
A ( 6  * J  ) =  CQT
1 2  A f 1 0 6 . J  )=DOT
DO 2 0  N = l . N U M N P  
I = Z ( N  ) * 4 0  . 0  +6  . 5  
J = R t  N 1 * 2 4 . 0 + 1 9 . 5
I F t l . C T . 1 2 0 . O R . I . L T . l ) GO TO 3 0  
I F  I J . G T . 6 0 . C R . J . L T . l )  GO TO 3 0  
2 0  A11 * J ) = S Y M B L ( 1 5 )
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W R I T E ( 6 . I OCO)
WR I T E  ( 6  , 1 0 0  1 )  A 
GO TO 4 0  
3  G WR ITE ( 6  .  10 0  3 )
4 0  C CNTI  MIE 
RETURN
5 0 0  C ONTI NUE 
I F f N P P . E Q . 2 )  GO TC 5 1 4  
W R I T E ( 6 . 1 0 0 4 )
5 1 4  C ONT I N UE
S Y W < 1 ) - 5 Y M E L ( 1 2 )
S Y M ( 2  > = S Y H B L ( 2 0 )
SY M  3 ) —SYMBL 1 1 3 )
SYM( 4 )  = EYMBL( 2 )
S Y W ( 5 ) = S Y  MELt  1 5 )
DO 5 0  1 I -  1 . 1 2 0  
DQ S O I  J = 1 * 6 0
5 0 1  A ( I , J ) = B L A N K  
DO 5 0 2  1 = 1 . 1 2 0
5 C 2  A( I . 4 7  ) = D 0 T
OC 5 0 3  J = 1 . 6 0  
5 0 3  A ( 1 0 .  J  ) =  DOT 
H M = 0 . 0
DO 5 0  4 N = 1 * N S P  
I F ( H W . L T . H R S t N ) ) HM = HRS(  N )
5 C 4  CONTI NUE
I F ( N P F . E C . 2 )  GO TO 5 1 5  
5 1 6  C ONT I NUE
DO 5 0  5 N= I .  NSP  
I C = 0
I F C N P F . E Q . 2 )  GO TO 5 1 3  
DO 5 0 6  1= 1 . NT S
I F ( H R S ( N ) . G E . H R T t I ) • A N C . H R S I N ) . L T . H R T < 1 + 1 ) )  GO TO 5 C7
5 0 6  C ONT I NUE
5 0 7  S ( 1 ) = - S L G T  ( I ) - I  SLG T ( I +  U - S L G T  ( I  ) ) *  t » - R S(  N ) - H K T (  I  ) ) / ( H R T (  I - M ) —HR T ( I  )
* )
S ( 2 )  = £TT(  I ) + < S T T (  I + U - S T T t  I ) ) * ( H R S ( N>-HRT ( I ) ) /  (HRT ( 14-1 ) - K R T (  I ) } 
S( 3>=SMT< I J-MSMT ( 1+1 >-SMT(  I ) ) *< HRSt N ) —hRT(  I ) J /  ( HRT ( 1 + 1 J - H R T  I I  > ) 
S(  4 )  = SBT( I ) + ( S E T ( I + l ) - S B T (  I ) ) * ( H R S  ( N ) —HRT ( 1 ) ) / (  HRTC I + 1 ) - H R T (  l i )  
NY =N 
1 Y —I
N AMEL I S T / N A M 2 / N Y  .  I Y . S  
W R I T E ( 6 . N A M 2 )
S(  1 }——S L G ( N ) —S C1 )
S ( 2 ) - S T ( N ) - S ( 2 )
S (  3)  = S M ( N ) - S  ( 3  )
S ( 4 ) = S B ( N > - S ( 4 )
SLTEM=— S ( I )
WRI TE ( 6 , 1  0 C 5 ) S { 2  > , S ( 3 )  , 5 ( 4 )  . S L T E W 
5 0 8  I I = H R S ( N ) * 1 0 0 . / H N + 1 0 - 5  
5 1 0  DC 5 0 S J  = 1 , 4  
J  1 - J
I F ( I C . E C . l )  J  1 = 5  
J J = - S ( J ) * 6  0 0 . + 4 7 . 5
I F < J J . G T . 6 C . 0 R . J J . L T . 1 )  G O T O  5 0 9  
A( I I .  J J  )—S YM ( J  1 )
5 0  9  CONTI NUE 
5 1 3  CONTI NUE
I F ( l C . E C . l )  GO TO 5 0 5  
I F ( N P P . E Q . l )  GO TO * 0 5  
S ( 1 ) = - S L G ( N >
S ( 2 ) = S T ( N )
S (  3 ) = S M ( N )
S ( 4  ) -  SB (N )
I C  = 1
GO TO 5 0 8  
5 0  5  C O NT I N U E  
GO TO 5  17 
£ 1 5  CONTI  NUE
CO 51 1 N= 1 . NTS 
I F t H R T ( N ) . G E . H M )  GO TO 5 1 1
I = H R T ( N )  * 1 C O . / H M + l 0 . 5  
S ( l ) =  —S L G T  CN J 
S  ( 2 ) = S T T (  N )
S ( 3 ) = S M T ( N )
S  ( 4  )  =  S  B T  ( N )
DO 5 1 2  K= 1 , 4  
J = - S (  K )  * 6 0 0 . + 4 7 . S  
I F ( J • G T . 6 0 • O R  * J  . L T .  1 )  G C  T O  5 1 2  
A ( I . J ) = S Y M ( K >
5 1 2  C O N T I N U E  
5 1 1  C O N T I N U E  
G O  T O  5 1 6  
5 1 7  C O N T I N U E
WR I T E  ( 6  .  1 0 0 0  )
W R I T E  ( 6 . 1  0 0 1  )  A 
R E T U R N
1 C C 0  F O R M A T  ( 1 H 1 )
1 0 0 1  F O R M A T  ( I H  . 1 2 0 A 1 )
1 0 0 3  F O R M A T  <•  1 N O  P L O T  B E C A U S E  I N D E X  O U T  O F  R A N G E * )
1 0 0 4  F C F  W A T ( *  T O P  L A T .  C R E E P  M I D  L A T .  C R E E P  B O T .  L A T . C R E E P
♦ L O N G .  C R E E P *  )




F R C G R A M  C O N S
D I N E N S I C N  X I 2 0 >  , Y ( 2 C ) , B I  t 1 0 ) , A A t  10 > , B B t 1 0  |  . A t ( S . 1 C ) . B J ( 9 . 1 C) .  
* Y Y | 2 0 )
D I M E N S I O N  A I C( 10 ) t BJ O ( 1 0 )
D I M E N S I O N  A P ( 1 1 0 * 3 6  )
D I N E K S I C N  H E D ( 2 0 )
r e a l  l l . l
DATA B L A N K , D C T . C I R C L E / *  * • * . ♦ , * 0 * /
DATA A I / . 9 S 5 7 S . . £ 6 4 3 1 . . 7 7 2 6  1 . . 6 6 0 9  5 , . 5  E £ 94 » . 4  9 7 0 3 . * 4 0 SO 4 * . 3 1 3 2 6  . . 2  
4 2 2 5 7 .  1 .  C 2 8 0 0 .  . 9 4 4 4 3  • . 8 6 1  2 8  .  • 7 7 6 3  1 .  . 6 9 1 6 6 .  • £ 0 6 5 2  • •  5 2 2 3 8 .  . 4 3 8 9 7  .  . 3 6 2  
* 2 3 .  1 . 0 6 1 1 0  • . 9 8 2 7 0 .  . 9 0 0 4 4 .  • 81  e 6 6  »•  7 3 5 8 0  • . 6 5 3 7 2  .  . 5 7  1 5 6  • •  4 9 1  3  E * .  41  9 6 2  
* .  1 . 0 9 9 1 1 .  1 . 0  1 9 8 1  • . 9 4 1 4 8 .  . 8 6 0 4 5 .  . 7 8 0 1 4 * .  6 5 5 7 6 , . 6 1  9 3 3  ,  . 5 4  1 2 9  , . 4 7 5 4 5 .
*  I . I  3 0 4 8 , 1 • 0 5 6 5 2 .  . 9 7 9 4 3 * . 9 0 0  6 1 • • 8 2 0 8 1 . • 7 4 0 6 5 . . 6 6 1 5 8 . . 5 8 3  9 9 • . 5 1 7 2 2 . 1  
* . 1 6 0  2 5 .  1 . 0  8  5 6 1  , 1 . C C 6 6 3 .  . 9 3  0 1 4 . . 8  5 1 4 3 , . 7 7 1 7 5 . . 6 9 2 1 5 ,  . 6 1 2 9 7 • • 5 3 8 9 7 . 1  
* . 1 6 6 3  9 ,  1 . 0 9  1 7 1 . 1 . 0 1 4 6 3 . . 9 3 6 0 7 , . 8 5 6 7  1 • • 7 7 2 9 3 . . 6 9 7 9 4 , . 6 1 9 1 8 • . 5 4 6 0 1 . 1  
* . 1 6 6 6  3 , 1 . 0 9 3 6 2 .  1 • 0 1 7 5 6 , . 9 3  9 5 6 , • 8 6  I  2 8 • . 7 8  1 9 0 , . 7 0 2 4 1 . . 6 2 3 9 2 •  . 5 5 1 9 9 , 1  
* .  1 7 0 2 E . 1 .  0 9 7 0 3 .  1 . 0 2 0 7 9 • . 9 4 2 6 7 , . e 6 3 £ 1 , . 7 8 4 5  3 . . 7 0 5 3 3 • • 6 2 7 3 3 • . 5 5 6 2 1 . 1
*  . 1 7  2 2 2 .  1 . 0  9 8 7 3 , 1  . C 2 C 8  0 .  . 9  4 2 7  7 *  •  8 6 4  8 6  * . 7 8 5 3 7 ,  . 7 0 6 4 3 ,  . 6 2 8 9 2  5 6 0 2 2 /  
D A T A  E J / - . 2 9 5 7 2 , - . 2 9 5 8 8 , - . 2 9 6 0 2 , - . 2 9 6 2 1 2 9 6 3 5 . 2 9 6 5 9 . - . 2 9 6 9 , - . 2
* 9 7 5 3 ,  — •  2 9 9 5 3 .  —. 7 2 3 3 9 .  — . 7 2 3 9 9  7 2 4 8 2 7 2 5 2 7 , - . 7 2 5 9 8 7 2 6 9 1  . - . 7 2 8
* 2 4 , - . 7 3 0 8 2 , - . 7  2 9 2 1  , - . 9 5 1 6 8 . - . 9 5 3 3 3 9 5 3 9 7 . - . 9 5 4 9 4 , - . 9 5 5 7 7 , - . 9 5 7 2 2  
* 9 5 9 C 7 , - . 9 6 2 9 6 . - . 9 7 4 4 6 . - 1 . 2 2 6 4 9 , - 1 . 2 2 7 6 3 . - I . 2 2  9 3  0 , - 1 • 2 3 0 1 6 , - 1 . 2 3  
* 1 6 2 . - 1 . 2 3 3 4 0 . -  1 . 2 3 5 7 1 , - 1 . 2 4  0 7 C . - 1  . 2 5 6 7 3 , -  1 . 5 5 5 1 5 , - 1  .  5 5 8 4 1  , - 1 . 5 6 0 5 6  
* , - l . 5 6 2  2 1 , - 1 . 5 6 3 5 8 . - 1 . 5 6 5 1 1 , - 1 • 5 6 8 0 E . - 1 • 5 7 3 C 6 , - 1 . 5 8 9 2 6 . - 1 . 9 5 1 2 0 , - 1  
* . 9 5 5 0 1 . - 1 . 9 5 7 6 7 . - 1 . 9 5 9 6 1 • - 1 . 9 6 1 7 4 , - 1 . 9 6 3 4 9 , - 1 . 9 6 5 6 9 . - 1 • 9 6 8 9 9 , - t . 9 7  
* 9 1  C , —2 .  C 5 7 6 3 . - 2 . 0 6  1 4 2 . - 2 . 0 6 4 0 4 , - 2 . 0  6 5 9 5 , - 2 . 0 6 7 6 3 , - 2  •  0 6 9 6  1 , - 2  . 0 7 2 1 4  
* . - 2 . 0  7 5 9 6 , - 2 . 0 8 7 2 7 , - 2 . 1 6 4 5 9 , - 2 . 1 6 9 3 8 . - 2 . 1 7 2 6 6 . - 2 . 1 7 4 9 7 , - 2 . 1 7 7 5 1 . - 2  
* • 1 7 9 6 6 . - 2 . 1 8 2 1 8 , - 2 .  1 8 6 5 6 , - 2 . 1 9 9 7 5 , - 2 . 2 7 7 8 1 • - 2 . 2 8 2 5 3 , - 2 • 2 8 5 7 6 , - 2 . 2 6  
* 8 0 4 . —2 . 2  9 0 0 9 , —2 . 2 9  2 5 8 ,  — 2 . 2 9 5 5 4 , —2 . 3 C 0 7 3 , —2 . 3 1 5 3 3 , —2 . 3 9 3  5 6 , —2 . 3 9 8 5 9  
* , - 2 . 4 0 0  3 7  . - 2  .  4 0 3 1 1 , - 2 . 4  0  6  1 4 , - 2  .  4 0 8 4 3 . - 2  .  4 1 1 8 1 . - 2  . 4  1 7 8 0  . - 2 .  4 3 6  0 3 /  
DATA A I C / 1 . 0 4 7 4 2 , 1 . 1 1 0 5 8 , 1 . 1 4 0 6 6 ,  1 . 1 7 1 £ 2 . 1 . 1 9 9 6 4 , 1 . 2 1 6 1 4 , 1 . 2 2 1 9 1 • 1  
* • 2 2 6 7 0 , 1 . 2 3 0  2 7 . 1 , 2 3 2 4 0 /
DATA E J C / —. 2 9 4 8 4 • —. 7 2  2 5 9 • —. 9 5 0 * 7 , — 1 . 2 2 3 2 3 , — 1 . 5 5 C 1 3 . —1 . 9 3 6 1 1 , - 2 . 0 4 2  
* 3 6 , - 2 . 1 5 2 1 9 , - 2 . 2 6 5 3 5 . - 2 . 3 e i S 5 /
5  C C N T I N U E
MR I T E  ( 6  , 2 0 0 4 )
R E A O ( 5 . 1 0 0 2 )  H E D
W R I T E  ( 6  , 1  0 0 2 )  H E D
R E A D ( S » 1 0 0 0 ) N * P O , P N , H . L
W R I T E ( b , 2 Q 0 5 )  N . P O . P M . H . L
R  E A D ( 5 * 1 0 Q 1 ) ( X ( I ) * Y Y ( I ) . I = 1 * N )
M R I T E  (  6  * 2 0 0 6  ) (  X (  I ) . Y Y < I  )  •  1 =  1 * N )  
D O  1 0  1 =  I  •  N 
1 0  Y ( I )  =  ( Y Y <  I  )  - P M  ) / P O  
s o = o .
S  1 = 0 .
S 2 = 0  •
S 3 - 0 .
S 4 = 0 .
S 5  =  0 .
D O  1 0 0  1 = 1  * N  
S 0 = S 0 + Y ( I )
S 1 = S 1 + X ( I  ) * Y (  I  )
S 2 = S 2 + X ( I ) * X ( 1 ) * Y (  I  )
S 3 = S 3 + A L 0 G  (  Y ( I  )  )  * Y  (  I  )
1 0 0  S 4  =  S 4  + X (  I  )  * A L O G (  Y (  I  )  ) * Y  (  I  )
X N = N
D E N = S C * S 2 - S I * S 1  
A = ( S 3 4 S 2 - S 1 * S 4 ) / D E N  
B  =  ( S 0 4 S 4 —S I * S 3 ) / C E N  
A =  E X P  ( A  )
OC 2 0 0  1 = 1 *N 
2  0 0  S 5 = S 5 + ( A * E X P ( 0 * X ( i >  > - Y < I ) ) * * 2  
R E  S N = £ C R T ( S 5 / X N ) 
p m o = p m / p o  
B i t  1 ) = . 3 3 3 3 3 3 3  
e i  ( 2 } = I «
B  I  (  3 ) =  I . 5
B I  (  4  > = 2 . 3 3 3 3 3 3 3 3 3  
8 1  t  5  ) = 4 .
E I (  6 ) =  9 .
B I (  7  ) =  1 2 .  3 3 3 3 3 3 3 3 3 3 3 3
00in
6 1 (  8 ) = 1 9 *
B I  ( 9  ) = 3 9  •
E M  1 0 )  = 1  0 0 0 .
I = P M O  *  1 0  •
X I  —I
X I = X I * . l
I F ( I . e Q . O )  G O  T O  2 1 0  
G C  T O  2 2 0
2 1 0  DC 2 1 1  J = l *  1 0
A A  ( J ) = A  I O C  J  ) + P M 0 * 1 0 . + (  A I ( l  , J ) - A I O (  J  ) )
B B (  J  )  - E  J 0 (  J  > + P M O *  1 0  • *  ( B J (  l * J ) - B J O (  J )  )
2 1 1  C O N T I N U E  
G O  T C  2 1 2
2 2 0  C O N T  I N U E
0 0  2 5 C  J - l . 1 0
A A ( J ) = A I ( I * J ) + ( P F C - X I ) * 1 0 * * ( A l t  1 +  1 » J ) —A  1 (  I  * J  )  )
2 5 0  S B C  J )  - E J (  I , J )  +  ( P H Q - X I  ) * 1 0 . * ( B J <  1 +  1 *  J  ) - B J (  I  * J )  )
2 1 2  C O N T I N U E  
NI =0
U L = A A  (  1 0  )
L L = A A ( 1 )
4 0  A F = ( U L + L L ) / 2  «
N I = N I + 1
I F  < N I  # G T *  1 0 0  ) G O  T C  5 C  
D C  2 0  1 - 1 * 9
I F C A F . G E . A A t  I )  . A N D . A F . L T  . A A (  1 +  1 )  )  GO T O  2 5  
2 0  C O N T I N U E
2 5  B I F * B I (  I )  +  ( B I < I + 1 ) - B 1 ( I ) ) * ( A F - A A U ) ) / ( A A ( 1 + 1 ) - A A ( I )  ) 
B = B B ( I ) + ( B B ( 1 + 1 ) —E E  ( 1 )  )  *  (  B I F —B 1 ( 1 )  ) /  ( t3 I ( 1  +  1 ) —E 1 ( 1 ) )  
B F =  t  S 4 —A L O G I A F  ) * S 1 ) / S 2  
C V 1 = H  ♦  L / B I F  
C V 2 = B F * L * L / B
I F ( A 8 S ( C V 1 - C V 2 ) . L E . . 0 0 1 )  G O  T O  5 0  
I F U C V 1 —C V 2 J . G T .  0 . )  G C  T C  3 C  
U L = A F  
G O  T O  4 0
3 0  L L = A F
C C  T O  4 0  
5 0  C O  N T  I N U E  
S  5 = 0 .
D O  3 0 0  1 = 1  , N  
3 0 0  S 5  =  S 5  +  ( A F 4 E X P !  E F * X  (  I )  ) —V (  I > > * * 2  
R E S N = S Q R T  ( S 5 / X  M  
W R I T E ( 6 * 2 0 0 0 ) C V 1  
WR I T E ( 6 * 2 0 0 1 )  C V I « A F • B F  
D C  3 5 0  1 = 1 * 1 1 0  
D O  3 5  0  J =  1 •  3 6  
3 5 0  A P t I , J ) = B L A N K  
D O  4 0 0  1 = 1 * 1 1 0
4 0 0  A F (  I ,  3 6  ) = D Q T  
C O  4 0  1 J =  1 , 3 6
4 0 1  A F ( 1 «  J ) = D O T  
X M = 0  •
D C  5 0 0  1 = 1 * N
I F ( X <  I )  . G T . X M )  X M = X  ( I  )
5 0 0  C O N T I N U E
D E L  X = ( X M  +  1 .  ) *  . 0 1  
X 5 C  A L = 1  C .  4 D E L X  
WR I T E  ( 6  * 2 0 0 7 )  X 5 C A L
x x = c .
D O  6 0 0  1 = 1 * 1 0 0  
X X = X X + D E L X
P = P O * A F * E X P { B F * X X ) + F M  
I F ( P . G T • P C )  P = P 0  
P = P * 5 * / P 0  
J = - P * 6 . 0 + 3 6 . 5  
A P ( I + l * J ) = D O T  
6 0 0  C O N T I  N U E
D O  7 0 0  1 = 1  *N 
Y I = Y Y ( I 1 4 5 , / P O  
J = — Y 1 * 6  . 4 3 6  * 5  
F = X ( I J / D E L X + . 5
187
A P ( M , J ) = C I R C L E  
7 0 0  C O N T  I N U E
W R I T E ( 6 . 2 0 0 3 )
WR I T E  ( 6  . 2 0 0  2 )  A P  
G O  T O  5
1 0 0 0  F O R M A T  (  I  1 0  » A F  1 0 .  C )
1 0 0 1  F G R M A T ( 2 F 1 0 . Q )
1 0 C 2  F O R M A T ( 2 0 A 4 )
2 0 0 0  F O R M A T ! * 0  C O E F F I C I E N T  O F  C O N S O L  I O A T 1 0 N =  * . F  1 0 . E )
2 0 0 1  FORMATt* 1 CV=« . F 1 0 . 5 . T 3 C .  • L / L O = * . F 5 * 3  •  1  E X P ( • , F 7 . 4 . • * C V * T / L * * 2 )  »)  
2 0 C 2  FCRMA T (  1H • 11 0 A1 )
2 0 C 3  F O R M A T t I H O . / / / / / / / / / / )
2 0 0 4  F O R M A T ! 1 H 1 )
2 0 0 5  F O R M A T ( * 0  N U M B E R  O F  D A T A  P O I N T S  * * I S /
* • 0  M A X I M U M  P R E S S U R E ---------------------------------------------------- • , F 1  C .  3 /
* • 0  M I N I M U M  P R E S S U R E ---------------------------------------------------- * » F  1 0  . 3 /
* • 0  F I L M  C C E F F  I C I E N T ----------------- ---------------------------------* . F  1 0 . 3 /
4 * 0  A V E R A G E  S P E C I M E N  L E N G T H --------------------------------- • . F 1 0 . 3 /
4 * 0  T I M E  P R E S S U R E * / )
2 0 C 6  F O R M A  T ( 2 F  1 5 . 5 )
2 0 0 7  F  O R M A T ( *0 X - S C A L E  1 I N . =  * . F 1 C - 5 .  * H R S . * /







C  P R O G R A M  C R E E P
D I M E N S I O N  X ( 1 0 0 )  * Y ( 1 0 0 ) * X X ( 1 0 0  ) * Y Y { 1 0 0  ) , A A ( 1 2 0 * 6 0 )  
D I M E N S I O N  h £ D ( 2 0 )
D A T A  E L  « D O T  « C I R C L E / *  • • • • • • • □ • ✓
5  WR I T E  ( 6 * 1 0 0 5 )
R E A D  ( 5 *  1 0 0 4 )  H E O  
W R I T E  ( 6  . 1 0 0 4 )  H E D  
R E  A D (  S  * 1 0 0 0 )  N . S X . S Y
R E A D ( 5 *  1 0 0  1 ) (  ( X ( I  )  , Y (  I )  ) «  1 =  1*  N )
W R I T E ( 6 * 1 0 0 6 )
W R I T E  ( 6  * 1 0 0 7  > ( ( X (  I  ) * Y ( 1  ) ) * I = 1 * N )
D C  1 0  I  = 1 »  N 
X X ( I ) = A L O G ( X ( 1 ) )
1 0  Y Y ( I ) = A L O G ( Y ( I ) )
A1 2 = 0  . 0
A 2  2 =  0 • 0  
6 1 = 0 . 0  
B 2 = 0 . 0  
D C  1 1  I =  1 * N  
A 1 2 =  A 1 2  4 X X (  I  )
A 2 2 = A 2 2 + X X ( I ) * X X ( I )
E l  =  6 1  + Y Y I  1 )
1 1  B 2 = 8 2 + X X (  I  ) * Y Y  ( I  )
A l  1 = N
A 2 1 = A 1 2
D E L =  A 1 1 * A 2 2 ~ A 1 2 * A 2 1  
A = ( B 1 * A 2 2 - A 1 2 * B 2 ) / C E L  
e  =  (  A 1 1 4 B 2 - B  1 * A 2  I  ) / D E L  
A = E X P ( A )
W R I T E  ( 6  * 1 0 0 8  ) A . B  
R E S = 0 • 0  
D O  1 2  1 = 1  * N
1 2  R . E S = R E S  +  (  Y (  I  ) - A * X (  I  )  * * E ) * * 2  
DO 6  1 =  1 •  1 2 0
D C  6  J = 1 * 6 0
6  A A ( I . J )  =  B L
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DO 1 3  1 = 1 * 1 2 0  
X I  = 1 - 1
X P = X 1  M S X / 1 0  •  >
Y P = A * X F 4 * B  
J = 5 5 . 5 - ! 6 . / S  Y ) * Y P
1 3  AA ( I  « J )  = D C T  
DO 1 4  J =  1 * 5 5
1 4  A A ( 1 • J ) = D 0 T  
CO 1 5  1 = 1 * 1 2 0
1 5  AA ( I  ,  5 5 )  = D O T  
0 0  1 6  1 1 = 1 . N
1 = (  1 0 , / S X ) * X ! 1 I ) + l  * 5  
J = 5 5 . 5 - ! 6 . / S Y ) * Y ! l I )
1 6  AA ( I  * J )  = C I  R C L E
H R I T E ( 6 , 1 0 0 2 ) A * 3 . R E S  
W R I T E ! 6 , 1 0 0 9 ) S X ,  SY 
WR I T E  ( 6  * 1 0 0  3 )  AA 
GO T O  5  
1 0 0 0  F O R M A T !  1 1 0  * 2 F 1 0  . 0  )
1 0 0  1 F O R M A T !  2 F 1  0*  0 )
1 0 0 2  F O R M A T ! 1 H I , T 2 0 , • Y = 1 * F 1 0 . 5 , • X * * « , F 1 0 . 5 , 1  O X , « R E S i m J E = * , F I  0 . 5 )
1 0 0 3  F O R M A T ! 1H , 1 2 0 A t )
1 0 0 4  FORM AT 1 2 0 A 4 )
1 0 0 5  F O R M A T ! 1 H 1 )
1 0 C 6  F O R M A T ! * 0  T I M E  P R E S S L R E * / )
1 0 0 7  F O R M A T ( 2 F  1 5 , 5 )
1 C C 8  F O R M A T ! *  0  K 1 =  » , F  1 0 . 5 ,  S X .  *K 2 = *  , F 1 0 . 5  )
1 0 0 9  F O R MA T !  * 0  X - S C A L E  1 1 N « = * . F S . 2 , ( H R S .  • . 5 X ,  • Y - S C A L E  1 I N .
* = * , F 1 0 . 6 , < I N . / I N . * )
S T O P
E NC
VITA
R ic h a rd  A m bler P e c q u e t was b o rn  on  O c to b e r  2 , 1944 I n  New O r le a n s ,  
L o u i s i a n a .  He a t te n d e d  A lc e e  F o r t i e r  H igh S c h o o l and g r a d u a te d  in  
May, 1 962 . He th e n  e n r o l l e d  I n  L o u is ia n a  S t a t e  U n iv e r s i t y  I n  B aton  
R ouge. In  J a n u a r y ,  1967 , h e  r e c e iv e d  a  B a c h e lo r  o f  S c ie n c e  d e g re e  In  
E n g in e e r in g  S c ie n c e  and i n  A u g u s t, 1968 a  M a s te r  o f  S c ie n c e  d e g re e  i n  
E n g in e e r in g  M e c h a n ic s . I n  A u g u s t, 1968 h e  m a r r ie d  a  g i r l  fro m  New 
O r le a n s  and  a t  p r e s e n t  i s  t h e  f a t h e r  o f  one d a u g h te r .  He w orked  a s  a  
r e s e a r c h  e n g in e e r  w ith  th e  A t l a n t i c  R ic h f i e l d  Company u n t i l  M arch , 1969. 
Then h e  J o in e d  th e  M cD onnell D oug las C o rp o ra t io n  a t  th e  Maimed S p ace ­
c r a f t  C e n te r  i n  H o u sto n , T exas a s  an  E n g in e e r-D y n a m ic s . I n  J a n u a ry ,  
1971 , h e  resum ed  h i s  s t u d i e s  a t  L o u is ia n a  S t a t e  U n iv e r s i t y .  He i s  
p r e s e n t l y  a  c a n d id a te  f o r  t h e  d e g re e  o f  D o c to r  o f  P h i lo s o p h y  i n  th e  
D ep artm en t o f  E n g in e e r in g  S c ie n c e .
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